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ϯ͘Ϯ͘ϭ ůĞĂƌĂŶĐĞĂŶŐůĞ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴ
ϯ͘ϯ ^ŚŽĞĚĞƐŝŐŶ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴ
ϯ͘ϰ dŽŽůƐŵĂƚĞƌŝĂů ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬ
ǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐŝŶƐƚƌƵŵĞŶƚƐĂŶĚĞƋƵŝƉŵĞŶƚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭ
ϰ͘ϭ ǇŶĂŵŽŵĞƚĞƌ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭ
ϰ͘Ϯ ŚĂƌŐĞĂŵƉůŝĨŝĞƌ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰ
ϰ͘ϯ ^ŽĨƚǁĂƌĞ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϲ
ϰ͘ϯ͘ϭ ^ŽĨƚǁĂƌĞƐĞƚƚŝŶŐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϲ
ϰ͘ϰ ĂůŝƉĞƌ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϴ
ϰ͘ϱ tŽƌŬƉŝĞĐĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϵ
ϰ͘ϱ͘ϭ WƌŽƉĞƌƚŝĞƐŽĨŵĞƚĂůƐƵƐĞĚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϬ
ϰ͘ϲ ^ƵƉƉŽƌƚĚŝƐŬƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭ
ϰ͘ϳ >ĂƚŚĞ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϮ
ϰ͘ϴ DĂŶĚƌĞů ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϮ
ϰ͘ϵ DĂŝŶƋƵŝƉŵĞŶƚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯ
&ŝƌƐƚĞǆƉĞƌŝŵĞŶƚĂůƚĞƐƚĐĂŵƉĂŝŐŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱ
ϱ͘ϭ ^ĞƚƵƉŽĨƚŚĞĨŝƌƐƚĞǆƉĞƌŝŵĞŶƚƐŽŶďƌĂƐƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϲ
ϱ͘Ϯ ^ĞƚƵƉŽĨƚŚĞĨŝƌƐƚĞǆƉĞƌŝŵĞŶƚƐŽŶĐŽƉƉĞƌ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϳ
ϱ͘Ϯ͘ϭ ^ƚƌĂƚĞŐǇƚŽĐŚŽŽƐĞďĞƐƚƉĂƌĂŵĞƚĞƌƐĨŽƌĐŽƉƉĞƌ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϴ
ϱ͘Ϯ͘Ϯ E͛ƐƉƌŽŐƌĂŵƚŽŚĂǀĞƚŚĞĐŽƐƚĂŶƚĚŝƐŬƚŚŝĐŬŶĞƐƐŝŶƚŚĞďĞŐŝŶŶŝŶŐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϬ
ϱ͘ϯ ŚŝƉĐŽůůĞĐƚŝŽŶĂŶĚĐĂƚĂůŽŐƵŝŶŐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϭ
ϱ͘ϰ dŽŽůǁĞĂƌĂŶĚďƵŝůĚͲƵƉĞĨĨĞĐƚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϭ
ϱ͘ϱ ŚŝƉƐĚŝŵĞŶƐŝŽŶĂŶĂůǇƐŝƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϮ
ϱ͘ϱ͘ϭ ŚŝƉĂƌĞĂ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϯ
ϱ͘ϲ &ŽƌĐĞĂŶĂůǇƐŝƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϰ
ϱ͘ϳ >ĂŵďĚĂĂĐƵĂůǀƐŶŽŵŝŶĂů ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϴ
ϱ͘ϴ ŶĂůǇƐŝƐŽĨďƌĂƐƐƌĞƐƵůƚƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϴ
ϱ͘ϵ /ŶĨůƵĞŶĐĞĐƵƚƚŝŶŐƐƉĞĞĚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϵ
ϱ͘ϭϬ WƌŽďůĞŵƐŝŶ ƚŚĞĨŝƌƐƚƚĞƐƚƐŽŶďƌĂƐƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϬ
ϱ͘ϭϭ ŚŝƉĂŶĂůǇƐŝƐĐŽƉƉĞƌ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϮ
ϱ͘ϭϮ &ŽƌĐĞĂŶĂůŝǇƐŝƐĐŽƉƉĞƌ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϯ
ϱ͘ϭϯ ŝƐĐƵƐƐŝŽŶŽĨĐŽƉƉĞƌƌĞƐƵůƚƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϱ
ϱ͘ϭϰ ŽƉƉĞƌĐŽŶĐůƵƐŝŽŶƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϳ
ϱ͘ϭϱ ůƵŵŝŶŝƵŵƚĞƐƚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϴ
^ĞĐŽŶĚĞǆƉĞƌŝŵĞŶƚĂůƚĞƐƚĐĂŵƉĂŝŐŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϵ
ϲ͘ϭ WŽƐƐŝďůĞƐŽůƵƚŝŽŶƐĨŽƌƚŚĞŶĞǁďƌĂƐƐĞǆƉĞƌŝŵĞŶƚĂůĐĂŵƉĂŝŐŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϵ
ϲ͘Ϯ ^ĞƚƚŝŶŐƐĞĐŽŶĚĞǆƉĞƌŝŵĞŶƚĂůƚĞƐƚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϭ
ϲ͘ϯ &ŽƌĐĞĂŶĂůǇƐŝƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϯ
ϲ͘ϰ ŚŝƉƐĂŶĂůǇƐŝƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϰ
ϲ͘ϱ ZĞƉĞĂƚĂďŝůŝƚǇƚĞƐƚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϳ
ϲ͘ϱ͘ϭ ZĞƐƵůƚƐƌĞƉĞĂƚĂďŝůŝƚǇƚĞƐƚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϴ
ϲ͘ϱ͘Ϯ ŽŶĐůƵƐŝŽŶƌĞƉĞĂƚĂďŝůŝƚǇƚĞƐƚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϴ
ϲ͘ϲ ŝƐĐƵƐƐŝŽŶŽĨƌĞƐƵůƚƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϵ
ϲ͘ϲ͘ϭ DŽƌĞĂďƐƚƌĂĐƚĚŝƐĐƵƐƐŝŽŶ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϬ
ϲ͘ϳ KƚŚĞƌŐƌĂƉŚƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϭ
ϲ͘ϴ ŽŵƉĂƌŝƐŽŶŽĨŚŝƐƚŽƌŝĐĂůĚĂƚĂ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϰ
^ůŝƉůŝŶĞŵĞƚŚŽĚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϳ
ϳ͘ϭ DĂƚůĂďĂƐŐĞŶĞƌĂƚŽƌŽĨƚƌƵĞƐůŝƉůŝŶĞĨŝĞůĚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϳ
ϳ͘ϭ͘ϭ ĞƚĞƌŵŝŶĂƚŝŽŶŵΗƌĞĂůΗ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϵ
ϳ͘Ϯ DŽĚŝĨŝĐĂƚŝŽŶDĂƚŚĞŵĂƚŝĐĂůŵŽĚĞůďĂƐĞĚŽŶƐůŝƉůŝŶĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϬ
ϳ͘Ϯ͘ϭ dŚĞƵƉƉĞƌͲďŽƵŶĚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϬ
ϳ͘Ϯ͘Ϯ ^ůŝƉůŝŶĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϭ
ϳ͘Ϯ͘ϯ ƋƵĂůͲĐŚĂŶŶĞůĂŶŐƵůĂƌĞǆƚƌƵƐŝŽŶ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϮ
ǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐƚĞŵƉĞƌĂƚƵƌĞƐƚƵĚǇ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϱ
ϴ͘ϭ /ŶƚƌŽĚƵĐƚŝŽŶƚŽƚĞŵƉĞƌĂƚƵƌĞƐƚƵĚǇ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϱ
ϴ͘Ϯ ĨĨĞĐƚƐŽŶŵĞĐŚĂŶŝĐĂůƉƌŽƉĞƌƚŝĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϲ
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ZKLOHLQWKHQRUPDORUWKRJRQDOFXWZLWKRXWWKHVKRHWKHGHIRUPDWLRQWKDWWKHFKLS
XQGHUJRHVLVFDOOHGWKHDFWXDOFKLSFRPSUHVVLRQUDWLR
1RPLQDOFKLSFRPSUHVVLRQUDWLR
ȁ  ௌ
௛

:KHUH6LVGHILQHGDVWKHGLVWDQFHEHWZHHQVKRHDQGWRRODQGKLVGHILQHGDVWKH
VKRHWRRORIIVHWZKLFKFRUUHVSRQGVWRWKHIHHGLPSRVHGGXULQJSURFHVVLQJRQWKH
UDGLXVLWLVHDV\WRXQGHUVWDQGIURPILJXUH
7KHDFWXDOFKLSFRPSUHVVLRQUDWLR
Ȝ ௧ᇱ
௧

:KHUHW¶GHQRWHVWKHWKLFNQHVVRIWKHGHIRUPHGFKLSHTXLYDOHQWWR6LQHTXDWLRQ
DQGWLVHTXLYDOHQWWRKLQHTXDWLRQLQH[WUXVLRQSURFHVVVHHILJXUH
7KHDFWXDOFKLSFRPSUHVVLRQUDWLRLVDFKDUDFWHULVWLFSDUDPHWHURIRUWKRJRQDO
FXWWLQJ,WGHSHQGVRQWKHFKDUDFWHULVWLFVRIWKHPDWHULDODQGWKHUDNHDQJOHIRU
H[DPSOHIRUWKH06EUDVVWXUQHGZLWKDUDNHDQJOHWKHDFWXDOFKLS
FRPSUHVVLRQUDWLRLVZKLOHIRUWKHSXUHFRSSHU WXUQHGZLWKDUDNHDQJOHRI
LWLV
ϭϭ
&ŝŐƵƌĞϲ͗ZĞůĂƚŝŽŶƐŚŝƉďĞƚǁĞĞŶŵĂĐŚŝŶĞĨĞĞĚƐŚŽĞŽĨĨƐĞƚ͕ĐŚŝƉƚŚŝĐŬŶĞƐƐĂŶĚ
ƚŽŽůͲƐŚŽĞŐĂƉ͘΀Ϯ΁
7KHUHIRUHWRQRWHWKDWLILWLVFRQVLGHUHGWKHFDVHRIWKHEUDVVZLWKLPSRVHGDQG
FRQVWDQWIHHGWKHQW KLWZRXOGKDYHWKHFRLQFLGHQFHRIDFWXDOFKLSFRPSUHVVLRQ
UDWLRDQGQRPLQDOFKLSFRPSUHVVLRQUDWLRIRUWKDWLVȜ ȁ WKHQIURP
WRJRGRZQLVSRVVLEOHWRVSHDNRQO\RIȁQRPLQDOFKLSFRPSUHVVLRQUDWLR
EHFDXVHWKHH[WUXVLRQEHJLQV
Ϯ͘ϭ͘ϭ ŚŝƉ͛ƐƋƵĂůŝƚǇ
7KHFKLSVXUIDFHFKDQJHVDIWHULWJHWVQDUURZWKHVKRHWRROJDSPRUHDQGPRUH
DQGWKHYDOXHRI6ZLOOEHUHGXFHGDVLWLVVKRZQLQILJXUH 
&ŝŐƵƌĞ ϳ͗ǆƚƌƵĚĞĚĐŚŝƉƐŵŽƌƉŚŽůŽŐǇĨŽƌĚŝĨĨĞƌĞŶƚƚŽŽůͲƐŚŽĞŐĂƉ͘΀ϯ΁͘
ϭϮ
$VVKRZQLQ)LJXUH ZKHQWKHJDSZDVODUJHWKHFKLSEDFNVXUIDFHZDVQRW
FRQVWUDLQHGE\WKHVKRH$VWKHFRQGLWLRQVZHUHVLPLODUWRQRUPDOFXWWLQJDFKLS
ZLWKDODPHOODUEDFNVXUIDFHZHUHSURGXFHG'HFUHDVLQJWKHJDSFKLSH[WUXVLRQ
SDUWLDOO\WRRNSODFHZLWKDVKLQ\VXUIDFH LQWKHPLGGOHRIWKHFKLSDQGDURXJK
PRUSKRORJ\RQWKHVLGHV)XOO\H[WUXGHGFKLSVZHUHREWDLQHGIRUDFKLS
FRPSUHVVLRQIDFWRULPSRVHGȁRI+HUHWKURXJKDOOWKHFKLSZLGWKWKH
VXUIDFHZDVVKLQ\,QGHHGZKHQWKHWRROVKRHJDSZDVDURXQGȁ VLGHFUDFNV
VWDUWEHLQJIRUPHGRQWKHFKLSDQGZULQNOHVFRXOGEHGHWHFWHGLQWKHPLGGOH
$QRWKHULPSRUWDQWIDFWRULQIOXHQFLQJWKHTXDOLW\RIWKHFKLSVSURGXFHGLVWKH
DOLJQPHQWRIWKHWRRODQGVKRHHGJHV,IWKHVHWWLQJRIWKHFKLSWKLFNQHVVGLGQRW
SUHVHQWDQ\LVVXHWKDQNVWRWKHHPSOR\PHQWRIWKLFNQHVVJDXJHV )LJED
ORQJLWXGLQDOFXUYDWXUHRIWKHFKLSZDVREWDLQHGZKHQWKHDOLJQPHQWEHWZHHQWKH
HGJHVZDVSRRU)LJD
&ŝŐƵƌĞ ϴ͗ǆƚƌƵĚĞĚĐŚŝƉƐŵŽƌƉŚŽůŽŐǇĨŽƌĚŝĨĨĞƌĞŶƚƚŽŽůͲƐŚŽĞĞĚŐĞƐ
ĂůŝŐŶŵĞŶƚ͗;ĂͿŶŽƚ ĂůŝŐŶĞĚ͖;ďͿĂůŝŐŶĞĚ͘΀ϯ΁͘
Ϯ͘ϭ͘Ϯ ,ĂƌĚŶĞƐƐ
7KHFRQYHQWLRQDOEUDVVFKLSVDUHXVXDOO\PXFKKDUGHUWKDQWKHZRUNSLHFH
PDWHULDOEHFDXVHRIVWUDLQKDUGHQLQJEHKDYLRXUDWVKHDUVWUDLQ
$WFRQWUDU\WKHH[WUXGHGFKLSVZLWKH[WUXVLRQFXWWLQJSURFHVVXQGHUJRORZHU
VKHDUVWUDLQVDQGVLPXOWDQHRXVO\DWKHUPDOVRIWHQLQJEHFDXVHRIWKHKHDW
FRQILQLQJHIIHFWE\WKHVKRH
7KHKDUGQHVVGHFUHDVHVDVWKHVKRHDFWLRQEHFRPHVODUJHUDURXQGȁ WKH
KDUGQHVVRIH[WUXGHGFKLSUHDFKHVWKHOHYHORIZRUNPDWHULDO )LJ
$IXUWKHUGHFUHDVHLQWKHJDSOHGWRKDUGQHVVUHGXFWLRQDQGIRUȁ LWZDV
FORVHWRWKHOHYHORIWKHDQQHDOHGZRUNPDWHULDOKRXUDW&
ϭϯ
7KHH[WUXGHGFKLSVKDYHDORWRIGXFWLOLW\OHIWDQGJHQHUDOO\WKH\FDQQRWEH
IUDFWXUHGE\UHSHDWHGEHQGLQJ
&ŝŐƵƌĞ ϵ͗,ĂƌĚŶĞƐƐƉƌŽĨŝůĞĂƐĨƵŶĐƚŝŽŶŽĨĐŚŝƉĐŽŵƉƌĞƐƐŝŽŶĨĂĐƚŽƌ͘΀ϯ΁͘
Ϯ͘Ϯ ƉƉůŝĐĂƚŝŽŶƐŽĨĞǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐ
7KHUHDUHWZRPDLQDSSOLFDWLRQVRIWKLVSURFHVV
x 7KHSURGXFWLRQRIVWULSVDQGZLUHVE\PHDQVRIDSURFHVVWKDWLVH[SHFWHG WREH
PRUHHFRQRPLFDOWKDQRWKHUPHWKRGV
x 7KHGHWHUPLQDWLRQRIIORZVWUHVVGDWDRIPHWDOVEHLQJGHIRUPHGXQGHUFRQGLWLRQV
RIKLJKVWUDLQVWUDLQUDWHDQGWHPSHUDWXUH
ϭϰ
Ϯ͘Ϯ͘ϭ dŚĞƉƌŽĚƵĐƚŝŽŶŽĨƐƚƌŝƉƐĂŶĚǁŝƌĞƐ
7KHVWXG\³([WUXVLRQ&XWWLQJRI%UDVV6WULSV´E\'H&KLIIUH>@LWZDVFRQFOXGHG
WKDWWKHSURFHVVFDQEHFRQVLGHUHGVWDEOHRQO\LIWKHIROORZLQJFRQGLWLRQVDUH
VDWLVILHG
x 7KHODWKHDQGWKHVHWXSPXVWEHVWLIIHQRXJKDQGIUHHIURPYLEUDWLRQV
x &XWWLQJWRRODQGVKRHPXVWEHVKDUSDQGLQSDUWLFXODUWKHVKRHPXVWEHPRXQWHG
DWDQHQWUDQFHDQJOHRIDERXW
x $IHHGRIDERXWRQHKDOIRIWKHVKRHRIIVHWZLWKUHVSHFWWRWKHWRROVKRXOGEH
DGRSWHGDWWKHVWDUWRIWKHFXWDQGWKHQLWPXVWEHLQFUHDVHGUDSLGO\WRIXOOIHHG
x 7KHH[SHULPHQWVFDUULHGRXWRQFDVWPDWHULDOVKDYHVKRZQWKDWWKHZRUNPDWHULDO
PXVWEHKRPRJHQHRXVDQGWRWDOO\IUHHIURPSRUHV
x )LQDOO\WKHWRROVKRHJDSKDVWREHHTXDOWRDSSUR[LPDWHO\WLPHVWKHIHHG
PHDQLQJWKDWLWVKRXOGEHHPSOR\HGDQRPLQDOFKLSFRPSUHVVLRQRIȁ 7KLV
PHDQVWKDWWKHTXDOLW\RIWKHFKLSSURGXFHGGHSHQGVVWURQJO\RQWKHWRROVKRHJDS
$IXUWKHUGHFUHDVHRIWKHJDSWKRXJKOHDGVWRDQLQFUHDVHRIWKHPDWHULDO
UHVLVWDQFHWREHLQJH[WUXGHGDQGFRQVHTXHQWO\YLEUDWLRQVDQGIROGLQJRIWKHVWULS
WDNHSODFHDQGHYHQWXDOO\VLGHFUDFNVVWDUWRFFXUULQJLQWKHVWULS
7KHVXEVWDQWLDODGYDQWDJHRIH[WUXVLRQFXWWLQJDVDPHWKRGIRUREWDLQLQJVWULSVLV
WKHORZPDQXIDFWXULQJFRVWDQGWKHPHFKDQLFDOFKDUDFWHULVWLFVWKDWWKHSURFHVV
JLYHWRWKHPDWHULDO
VVWULSV
/DUJHVWUDLQGHIRUPDWLRQRIVXFKDQH[WUXVLRQFXWWLQJFKLSIRUPDWLRQPD\EH
H[SHFWHGWROHDGWRDYHU\ILQHPLFURVWUXFWXUHUHLQIRUFHGE\DILQHGLVSHUVLRQRI
SUHFLSLWDWHVWKDWFRXOGUHVXOWLQFKLSVZLWKLPSURYHGPHFKDQLFDOSURSHUWLHV
7KHUROHRIODUJHVWUDLQGHIRUPDWLRQLQPLFURVWUXFWXUHUHILQHPHQWZDVVWXGLHGILUVW
E\(PEXU\DQG)LVKHU>@DQGWKHQ/DQJIRUGDQG&RKHQ>@/DQJIRUGDQG&RKHQ
>@LPSRVHGODUJHSODVWLFVWUDLQVLQLURQE\UHSHDWHGZLUHGUDZLQJDQGIRXQGWKH
PLFURVWUXFWXUHRIWKHGHIRUPHGLURQZLUHWREHFRPSRVHGRIJUDLQVDQGGLVORFDWLRQ
VXEVWUXFWXUHVZLWKVL]HVLQWKHVXEPLFURPHWHUUDQJH
ϭϱ
7KHXVHRIVLPLODUVRFDOOHGVHYHUHSODVWLFGHIRUPDWLRQ63'DSSURDFKHVWR
UHDOL]HDQGVWXG\PLFURVWUXFWXUHUHILQHPHQWLVYHU\LQWHUHVWLQJQRZDGD\VDQG
H[WUXVLRQFXWWLQJLVRQHRIWKLV>@>@
7KHH[WUXVLRQFXWWLQJJLYHVWKHPDWHULDODSODVWLFGHIRUPDWLRQVXFKDVWRFUHDWHD
PLFURFU\VWDOOLQHVWUXFWXUHDQGPRUHRYHULWKDSSHQVZLWKDVWUDLQUDWHVRKLJKDVWR
LQGXFHDVWUDLQVRIWHQLQJWKDWUHGXFHVWKHKDUGQHVV)LJ
&ŝŐƵƌĞϭϬ͗dŚĞĚƵĐƚŝůŝƚǇŽĨĂďƌĂƐƐƐƚƌŝƉ ĨƌŽŵĞǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐ͘
+RVKLDQG6KDZ>@VXFFHHGWRSURGXFHZLUHZLWKWKHFXWIRUPLQJWHFKQLTXH
ZKLFKLVDPRGLILHGW\SHRIH[WUXVLRQFXWWLQJZKHUHWKHFKLSHQWHULQWKHGLH
Ϯ͘Ϯ͘Ϯ ĞƚĞƌŵŝŶĂƚŝŽŶŵĂƚĞƌŝĂů͛ƐĨůŽǁƐƚƌĞƐƐ
3URFHVVDVPHWKRGWRGHWHUPLQDWHIORZVWUHVVGDWDRUEHWWHUDFRQVWLWXWLYH
HTXDWLRQVXQGHUFRQGLWLRQVRIKLJKVWUDLQVWUDLQUDWHDQGWHPSHUDWXUH
&RQVWLWXWLYHHTXDWLRQV
&RQVWLWXWLYHHTXDWLRQVDUHPHFKDQLFDOHTXDWLRQVRIVWDWHWKDWTXDOLWDWLYHO\DQG
SKHQRPHQRORJLFDOO\GHVFULEHWKHUHDFWLRQVRIPHFKDQLFDOO\ORDGHGPDWHULDOVLQ
GHSHQGHQFHRIWKHORDGDQGVWUXFWXUDOSDUDPHWHUV
WKH\GHVFULEHKRZWKHPDWHULDOUHVSRQGVWRH[WHUQDOVWLPXOL
ϭϲ
:LWKH[WUXVLRQFXWWLQJLWLVSRVVLEOHWRGHULYHWKHIORZVWUHVVRUHYHQEHWWHUD
FRQVWLWXWLYHHTXDWLRQWKDWGHVFULEHVWKHPDWHULDOLQWKHH[FHSWLRQDOO\H[WUHPH
FRQGLWLRQVWKDWDUHIRXQGDWWKHWLSRIWKHWRROLQWXUQLQJ7KLVLVEHFDXVHWKH
SURFHVVRIH[WUXVLRQFXWWLQJZRUNVZLWKDOPRVWWKHVDPHFRQGLWLRQVWKDWWKH
UHVHDUFKHUVDUHORRNLQJIRU%XWDWWKHVDPHWLPHLWLVDJHRPHWULFDOO\FRQWUROOHG
SURFHVV
&ŝŐƵƌĞϭϭ͗;ĂͿǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐƐůŝƉůŝŶĞƐĨŝĞůĚĂŶĚ;ďͿŝƚƐƌĞůĂƚŝǀĞŚŽĚŽŐƌĂƉŚ͘
΀ϭ΁
Ϯ͘ϯ DĂƚŚĞŵĂƚŝĐĂůŵŽĚĞůĞǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐ
$VIRURUWKRJRQDOFXWWLQJDQDQDO\VLVRIWKHSURFHVVLVEDVHGRQWKHVOLSOLQHILHOG
DQGXSSHUERXQGWKHRULHV
+RZHYHUWRREWDLQDQDQDO\WLFDOPRGHOVRPHDVVXPSWLRQVPXVWEHGHILQHG7KH\
DUHSULPDULO\EDVHG RQWKHWKHRU\RISODVWLFLW\ZKHUHWKHDLPLVWRVLPSOLI\WKH
PRGHOWRDSRLQWZKHUHLWFDQEHWUHDWHGHDVLO\7KHDVVXPSWLRQVWKDWDUHPDGHIRU
WKHPRGHODUHWKHIROORZLQJV
x 7KHFXWWLQJHGJHRIWKHWRRO LVFRQVLGHUHGFRQVWDQWO\VKDUS
x 1RGHIRUPDWLRQRFFXUVLQWKHPDWHULDOSDVVLQJEHORZWKHFXWWLQJHGJH
x 7KHSURFHVVLVRSHUDWLQJXQGHUSODQHVWUDLQFRQGLWLRQVDOVRNQRZQDV'
GHIRUPDWLRQ
x 7KHIULFWLRQFRQGLWLRQRQWKHWRROLQJUDNHIDFHLVLQGHSHQGHQWRIWKHVKRHV
SRVLWLRQLQJRIIVHWDQGLVH[SUHVVHGE\ WKHHTXDWLRQ
P த
௞

ϭϳ
7KLVPHDQVWKDWWKHVDPHIULFWLRQFRQGLWLRQLVDSSOLHGLQGHSHQGHQWRIWKHYDOXHRI
WKHVKRHRIIVHWDQGFDQEHUHODWHGWRPE\WKHHTXDWLRQ
FRVȥ P
7KDWIULFWLRQZLOOEHDVVXPHGWREHIXOOIULFWLRQLHP 
x 7KHZRUNSLHFHLVFRQVLGHUHGULJLGSODVWLFLWPHDQVWKDWWKHUHLVQRHODVWLF
GHIRUPDWLRQRUVWUDLQKDUGHQLQJ7KHPDWHULDOLVFRQVLGHUHGSHUIHFWO\SODVWLFDQGLW
PHDQVWKDWVKHDUIORZVWUHVVNLVFRQVLGHUHGFRQVWDQWLQWKHGHIRUPDWLRQ]RQH
x 7KHYDOXHRIWKHVKHDUIORZVWUHVVNLVXQDIIHFWHGE\WKHVKRHSRVLWLRQLQJ
%DVLQJWKHIROORZLQJDQDO\VLVRQWKHXSSHUERXQGILHOGVKRZQLQILJXUHLW
VKRXOGEHPHQWLRQHGWKDWWKHH[LWERXQGDU\RIWKLVILHOGLVVHHQWRKDYHQR
GLVFRQWLQXLW\OLQHEXWLWGHILQHVWKHH[WHQWRIWKHGHIRUPDWLRQ]RQHDQGRIWKH
IULFWLRQFRQWDFWOHQJWK
%\PHDQVRIWULJRQRPHWULFUHODWLRQVKLSVDSSOLHGRQWKHXSSHUERXQGPRGHODQG
XVLQJ
x 7KHUDNHDQJOHĮ
x 7KHVKRHRIIVHWK,QWKLVSURMHFWLWZDV FDOOHG DOVRIHHGZKHQL¶PZULWLQJ DERXW
H[WUXVLRQ
x 7KHIULFWLRQDQJOHȥ
x 7KHWRROVKRHJDS6
7KHILUVWSDUDPHWHUWREHGHWHUPLQHGLVWKHIDQDQJOHZKLFKLVGHWHUPLQHG E\WKH
UDNHDQJOHRIWKHWRRODQGWKHFKLSFRPSUHVVLRQUDWLRIRUWKHVSHFLILFUXQ
ƚĂŶߠ с ଵ
஛כୡ୭ୱ ஑
ʹ ƚĂŶߙ ሺʹǤͷሻ
)DQDQJOH
%DVHGRQWKLVWKHZLGWKRIWKHGHIRUPDWLRQ]RQHFDQEHFDOFXODWHG$VWKH
GHIRUPDWLRQ]RQHLVVKDSHGDVDQHORQJDWHGWULDQJOHDQGWKDWWKHGHIRUPDWLRQWDNHV
SODFHSHUSHQGLFXODUWRWKHWULDQJOHGLWLVDVVXPHGWREHWKHZLGWKRIWKHERWWRP
ϭϴ
݀ с
௦
ଶ
כ;ƚĂŶߠ оƚĂŶʗͿ ;Ϯ͘ϲͿ
:LGWKRIGHIRUPDWLRQ]RQH
$IWHUWKDWWKHVHSDUDPHWHUVZDVFDOFXODWHGWKHVKHDUVWUDLQGXULQJH[WUXVLRQ
FXWWLQJFDQEHFDOFXODWHGE\WKHIROORZLQJHTXDWLRQZKLFKLVEDVHGRQWKH
KRGRJUDSK)LJE
ߛ с
௨
௩೙
;Ϯ͘ϳͿ
6KHDUVWUDLQ
7KLVFDQEHWUDQVPXWHGIXUWKHUE\PHDQVRIWKHKRGRJUDSK
ߛ с ஛
ୡ୭ୱ஑
н ଵ
஛כୡ୭ୱ஑
о ϮכƚĂŶߙ ሺʹǤͺሻ
0RGLILHGVKHDUVWUDLQ
)URPWKHHTXDWLRQLWFDQEHHVWDEOLVKHGWKDWWKHPLQLPXPSRVVLEOHVKHDUVWUDLQLV
IRXQGZKHQȜ ZKLFKLVLQGHSHQGHQWRIWKHUDNHDQJOH
%DVHGRQWKHVKHDUVWUDLQREWDLQHGIURPHTXDWLRQ ሺʹǤͺሻWKHDYHUDJHVKHDUVWUDLQ
UDWHLQWKHGHIRUPDWLRQ]RQHFDQ EHGHULYHGDV
ߛ Ȩ с
ஓ כ୴ כୱ୧୬ሺ஑ ା஘ሻ
ௗ
;Ϯ͘ϵͿ
6KHDUVWUDLQUDWH
:LWKYGHQRWLQJWKHFXWWLQJVSHHG>PHWHUVVHFRQG@
%DVHGRQWKHVHHTXDWLRQVWKHFXWWLQJSRZHUQHFHVVDU\WRFRPSOHWHWKHSURFHVVFDQ
EHGHILQHGDV
ௐ
௕
с݇ݑݖ н݉݇ݒ഻כϮ݀ ;Ϯ͘ϭϬͿ
1HFHVVDU\FXWWLQJSRZHU
ϭϵ
:KLFKFDQEHWUDQVIRUPHGLQWR
ௐ
୩୴୦ୠ
сߛ н݉ כ;ƚĂŶߠ оƚĂŶʗͿ ;Ϯ͘ϭϭͿ
1HFHVVDU\FXWWLQJSRZHUUHODWHGWRIDQDQJOH
(TXDOOLQJWKLVWRWKHGLPHQVLRQOHVVYDOXHSNDQGXVLQJWKHSULRUGHILQHGHTXDWLRQ
IRUVKHDUVWUDLQLWJLYHVWKHIROORZLQJHTXDWLRQ
௣
௞
  ୛Ǘ
୩୴୦ୠ
ൌ ஛
ୡ୭ୱ஑
൅ ଵ
஛כୡ୭ୱ஑
െሺʹ ൅ ሻ כ Ƚ െ  כ ɗ ;Ϯ͘ϭϮͿ
([WUXVLRQSUHVVXUH
:KHUHĐŽƐ;ϮʗͿс݉ DVGHILQHGHDUOLHU 
7KHH[SUHVVLRQKDVDPLQLPXPYDOXHIRU
Ȝ ξͳ ൅ 
0LQLPXPYDOXHIRUȜ
IRU P 
7KHQWKHPLQLPXPH[WUXVLRQSUHVVXUHUDWLREHFRPHVWKHIROORZLQJ
୮୫୧୬
୩
ൌ ଶכξଵା୫
஛כୡ୭ୱ஑
о ;Ϯн݉ͿכƚĂŶߙ о݉ כƚĂŶʗ ;Ϯ͘ϭϰͿ
0LQLPXPH[WUXVLRQSUHVVXUH
*LYHVWKHUHVXOWDQWVKHDUVWUHVVGXULQJWKHFXWWLQJSURFHVVIRUDJLYHQQRPLQDOFKLS
FRPSUHVVLRQUDWLR7KHHTXLYDOHQWIORZVWUHVVGXULQJWKHSURFHVVFDQWKHQEH
GHWHUPLQHGEDVHGRQWKHSODVWLFIDLOXUHFULWHULRQDVGHILQHGE\WKH7UHVFDDQG9RQ
0LVHV\LHOG FULWHULRQV$VWKH9RQ0LVHVFULWHULRQLVWKHVDIHURIWKHWZRLQRUGHU
WRGHWHUPLQHGSODVWLFGHIRUPDWLRQWKHHTXLYDOHQWIORZVWUHVVFDQWKHUHIRUHEH
GHWHUPLQHGE\WUDQVSRVLQJıIVRWKHUHVXOWLQJHTXDWLRQEHFRPHV
ߪ௙  Nξ͵ ;Ϯ͘ϭϱͿ
)ORZVWUHVVIURPVKHDUVWUHVV
ϮϬ
6LPLODUO\WKHHTXLYDOHQWVWUDLQUDWHDQGVWUDLQUDWHGXULQJWKHSURFHVVFDQEH
GHULYHGE\WKHIROORZLQJHTXDWLRQV
ɸс ஓ
ξଷ
;Ϯ͘ϭϲͿ
Ȩ߳ с ஓሶ
ξଷ
;Ϯ͘ϭϳͿ
(TXLYDOHQWVWUDLQDQGVWUDLQUDWH
7KHWHPSHUDWXUHLQWKHGHIRUPDWLRQ]RQHFDQEHDSSUR[LPDWHGE\WKHIROORZLQJ
HTXDWLRQDVVXPLQJDQDGLDEDWLFWHPSHUDWXUHLQFUHDVHZLWKWKHKHDWUHVXOWLQJIURP
SODVWLFGHIRUPDWLRQDQGIULFWLRQZRUN
ܶ сܶϬнѐd ;Ϯ͘ϭϴͿ
7HPSHUDWXUHLQGHIRUPDWLRQ]RQH
:KHUHѐܶ FDQEHFDOFXODWHG IURPWKHIROORZLQJHTXDWLRQ
ѐܶ с
୩ כሺ ౓ౡ౬౞ౘሻ
୎ כୡ כ஡
;Ϯ͘ϭϵͿ
$GLDEDWLFWHPSHUDWXUHLQFUHDVHGXULQJH[WUXVLRQFXWWLQJ
:LWK-GHQRWLQJWKHPHFKDQLFDOHTXLYDOHQWRIKHDWߩ GHQRWLQJWKHPDWHULDOV
GHQVLW\DQGFGHQRWLQJWKHVSHFLILFKHDWRIWKHPDWHULDO7KHWRSSDUWRIWKH
HTXDWLRQLVHTXLYDOHQWWRWKHH[WUXVLRQSUHVVXUHSGHWHUPLQHGHDUOLHU
%DVHGRQWKHXSSHUERXQGDQDO\VLVGHVFULEHGKHUHLWFDQEHGHWHUPLQHGWKDW
H[WUXVLRQFXWWLQJLVDPHWKRGFDSDEOHRIGHWHUPLQLQJWKHVKHDUVWUHVVRIPHWDOV
XQGHUWKHVHYHUHFRQGLWLRQVH[SHULHQFHGGXULQJPHWDOFXWWLQJ7KLVFDQEHGRQH
ZLWKWKHXVHRIWKHHTXDWLRQVDQGZKLFK HQDEOHVGHWHUPLQDWLRQ
RIPDWHULDOSURSHUWLHVUHOHYDQWIRUPHWDOFXWWLQJXQGHUDZLGHUDQJHRIVWUDLQ
VWUDLQUDWHVDQGWHPSHUDWXUHV&RUUHVSRQGLQJO\WKHIORZVWUHVVFDQEHGHWHUPLQHG
YLDHTXDWLRQ DQGWKHHTXLYDOHQWVWUDLQDQGVWUDLQUDWHYLDHTXDWLRQ 7KLV
PHDQVWKDWDFRPSOHWHGDWDVHWIRUPDWHULDOSURSHUWLHVXQGHUVHYHUHFRQGLWLRQVFDQ
Ϯϭ
EHJHQHUDWHGZLWKFRUUHODWLRQEHWZHHQVWUDLQVWUDLQUDWHVWHPSHUDWXUHDQGIORZ
VWUHVVZKLFKFDQXVHGIRUILQLWHHOHPHQWPRGHOOLQJ
Ϯ͘ϰ ƵƌƌĞŶƚƐƚĂƚĞŽĨĞǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐ
7KLVWKHVLVVWXGLHVWKHH[WUXVLRQFXWWLQJDVDPHWKRGWRGHULYHWKHIORZVWUHVVRI
WKHPDWHULDO
7KHILUVWWRWKHRUL]HDQGWRWHVWWKHH[WUXVLRQFXWWLQJPHWKRGWRREWDLQIORZVWUHVV
RIPDWHULDOZDV3URIHVVRU'H&KLIIUHLQ>@
+HZRUNHGZLWKEUDVVDVLWVKLJKPDFKLQLQJLQGH[DQGGXFWLOLW\EHKDYLRUPDGHLW
WKHEHVWFDQGLGDWHIRUWKHILUVWH[SHULPHQWV
'H&KLIIUH>@ZRUNHGZLWKDPPWKLFNGLVNDK\GUDXOLFODWKHDQGGLIIHUHQW
HTXLSPHQWGHVLJQHGE\KLPVHOI,QRQHHTXLSPHQWLWZDVDFTXLUHG WKHWRWDO
H[WUXVLRQIRUFHDQGLQWKLVZD\WKHG\QDPRPHWHUUHFRUGHGERWKWKHIRUFHRQWKH
WRRODQGRQWKHVKRH )LJD7KHRWKHUHTXLSPHQWZDVGHVLJQHGWRUHFRUGWKH
FXWWLQJIRUFHDFWLQJRQO\RQWKHWRRO)LJE
&ŝŐƵƌĞϭϮ͗^ĞƚƵƉ;ĂͿŵĞĂƐƵƌĞƚŽƚĂůƚĂŶŐĞŶƚŝĂůĨŽƌĐĞ͕ƐĞƚƵƉ;ďͿŽŶůǇƚŽŽůͲĨŽƌĐĞ΀ϭ΁͘
:KHUH7GHQRWHVWKHFXWWLQJWRRO&GHQRWHVWKHVKRH6GHQRWHVWKHVHWWLQJVFUHZ
IRUDGMXVWLQJWKHJDSVL]H+GHQRWHVWKHWRROKROGHUDQG'GHQRWHVWKH
G\QDPRPHWHU7KLVVHWXSSURYHGGLIILFXOWLQUHJDUGVWRDGMXVWLQJWKHFKLS
FRPSUHVVLRQUDWLRSUHFLVHO\
,QDGGLWLRQ'H&KLIIUH>@ZRUNHGZLWKYDULRXVUDNHDQJOHVOLNHDQGZLWKD
IHHGRIPPLQRUGHUWRREWDLQDQH[SHULPHQWDOH[WUXVLRQSUHVVXUHODPEGD
FKDUWWKDWFRQILUPHGWKHLQYHQWHGWKHRU\7KLVZRXOGEHSRVVLEOH,ILWZDVIRXQGD
ϮϮ
PLQLPXPLQFRUUHVSRQGHQFHRIODPEGD7KLVKDSSHQHGEHFDXVHKHGLVFRYHUHG
WKDWFXUYHZLWKWKDWSRLQWRIPLQLPXP )LJ
&ŝŐƵƌĞϭϯ͗WůŽƚĞĚƌĞƐƵůƚƐĞŚŝĨĨƌĞ΀ϭ΁
7KHSURFHVVZDVFRQWLQXRXVDQGVWDEOH
6HJDOLQDLQ>@UHVXPHGWKHVWXG\RIH[WUXVLRQFXWWLQJDVDPHWKRGIRUWKH
GHWHUPLQDWLRQRIIORZVWUHVVDQGKHWULHGWRGHULYHWKHFRQVWLWXWLYHHTXDWLRQRI
EUDVVLQWXUQLQJ
6HJDOLQD>@XVHGEUDVV06DQGWULHGWRUHSOLFDWHWKHUHVXOWVREWDLQHGE\'H
&KLIIUH>@XVLQJWKHVDPHSURFHVVSDUDPHWHUV+RZHYHUWKH\FKDQJHGWKHW\SHRI
ODWKHWKDWSDVVHGIURPK\GUDXOLFWRHOHFWULFPRYHPHQWWKHWKLFNQHVVRIWKH
ZRUNSLHFHWKDWSDVVHGIURPPPWRPPWKHG\QDPRPHWHUDQGWKH
Ϯϯ
LQVWUXPHQWDWLRQLQJHQHUDOZLWKDPRUHPRGHUQDQGGLJLWDORQHDQGWKHHTXLSPHQW
RIWKHH[WUXVLRQFXWWLQJWKDWZDVPDQXIDFWXUHGE\)$7,JURXSZKLFKZDV
GHVLJQHGRQO\WRUHYHDOWKHIRUFHRQWKHWRRO
6HJDOLQD>@REWDLQHGDFXUYHIURPH[SHULPHQWDOGDWDZLWKDPLQLPXPSRLQWDW
ODPEGDFRQILUPLQJWKHWKHRU\ )LJ
&ŝŐƵƌĞϭϰ͗ǆƚƌƵƐŝŽŶƉƌĞƐƐƵƌĞͲůĂŵďĚĂ͕^ĞŐĂůŝŶĂϮϬϭϲ͕΀ϯ΁
:LWKWKHGDWDREWDLQHGZLWKWKHEUDVV6HJDOLQD )LJFROODERUDWHGZLWKWKH
FRPSXWHUVFLHQFHGHSDUWPHQW,QWKLVZD\WKH\FRXOGH[WUDSRODWHDFRQVWLWXWLYH
HTXDWLRQZKLFKZDVGHULYHGIURPDSDUWLFXODUW\SHRIGDWDSORWWLQJD'K\SHU
FXUYH
7KHFRQVWLWXWLYHHTXDWLRQREWDLQHGZDVLQVHUWHGLQD)(0WXUQLQJVLPXODWLRQ
SURJUDP6HJDOLQD>@VWDUWHGDVLPXODWLRQRIDQRUWKRJRQDOWXUQLQJSURFHVVZLWK
WKHVDPHFRQGLWLRQVWKDWKHKDGSUHYLRXVO\SHUIRUPHGLQWKHODERUDWRU\
+HFRPSDUHGWKHUHVXOWVREWDLQHGIURPWKHVLPXODWLRQZLWKWKHFRQVWLWXWLYH
HTXDWLRQREWDLQHGE\WKHPHWKRGRIH[WUXVLRQFXWWLQJDQGWKHUHVXOWVRIWKH
VLPXODWLRQZLWKWKHFODVVLFDOFRQVWLWXWLYHHTXDWLRQ7KHQKHFRPSDUHGDOVRWKHP
ZLWKWKHODERUDWRU\UHVXOWVREWDLQHGE\WHVWV,QWKLVZD\LWZDVSRVVLEOHWRVHHWKDW
WKHVLPXODWLRQZLWKWKHFRQVWLWXWLYHHTXDWLRQREWDLQHGE\WKHH[WUXVLRQFXWWLQJ
PHWKRGJDYHEHWWHUUHVXOWVDQGWKH\DUHFORVHUWRWKHH[SHULPHQWDOWHVWUHVXOWV
Ϯϰ
Ϯ͘ϰ͘ϭ ŽƉƉĞƌ͛ƐƚĞƐƚ
6XEVHTXHQWO\6HJDOLQDDQG'H&KLIIUHZURWHDVFLHQWLILFDUWLFOH>@ZLWKWKHDLP
RIH[WHQGLQJWKHILHOGRIH[WUXVLRQFXWWLQJDSSOLFDELOLW\DOVRWRDQRWKHUPDWHULDO
WKHFRSSHU
7KH\DGDSWHGWKHWRROWRWKHFKDUDFWHULVWLFVRIWKHQHZPDWHULDOZRUNLQJZLWKD
UDNHDQJOH
:LWKWKHFRSSHUKRZHYHUWKHSURFHVVSUHVHQWHGDELJSUREOHPLQIDFWWKH
ZRUNSLHFHZLGHQHGMXVWDIWHUDIHZODSV )LJ
&ŝŐƵƌĞϭϱ͗tŽƌŬƉŝĞĐĞŝŶĐŽƉƉĞƌĂĨƚĞƌĂƌƵŶ͕ǁŚĞƌĞŝƐƉŽƐƐŝďůĞƐĞĞƚŚĞůĂƚĞƌĂůǁŝĚĞŶŝŶŐ͘
7KLVLQYDOLGDWHG WKHWKHRU\RIH[WUXVLRQFXWWLQJLQIDFWWKH\IRXQGWKHPLQLPXP
SRLQWDWODPEGD
7KHSUREOHPRIZLGHQLQJRUQDPHGDOVRODWHUDOFROODSVHPXVWEHVROYHGLQRUGHU
WRREWDLQDVWDEOHDQGFRQWLQXRXVSURFHVVRYHUWLPH
7KLVSUREOHPZLOODOVREHWKHVXEMHFWRIWKHVWXG\RIWKLVWKHVLV
,QFKURQRORJLFDORUGHUWKHZRUNRQH[WUXVLRQFXWWLQJZDVFDUULHGRXWE\$VWUXS
>@ZKRWHVWHGWKHSURFHVVZLWKEUDVVFRSSHUDQGVWHHOEXWKHIRXQGDORWRI
SUREOHPVLQWKHHTXLSPHQWLQVWUXPHQWVDQGRWKHUDOVRNLQGRISUREOHPV
7KDWOHGKLVWKHVLVZRUNRQWKHLPSURYHPHQWRIWKHHTXLSPHQWWKDWZDVWKHQ
PDQXIDFWXUHGE\)$7,DQGZDVUHDG\IRUWKHVWDUWRIWKLV ZRUN
Ϯϱ
&KDSWHU
'HVLJQ RI QHZWRROVDQGVKRH
,QWKLVFKDSWHULWZLOOEHGLVFXVVHGWKHZRUNGRQHIRUWKHRSWLPL]DWLRQGHVLJQ DQG
WKHFUHDWLRQRIQHZWRROV
7KHSDUDPHWHUVWKDWKDYHEHHQFKRVHQDVSRVVLEOHFDXVHVRIWKHHUURUVDQGWKH
QRQRSWLPDOIXQFWLRQLQJRIWKHH[WUXVLRQFXWWLQJSURFHVVDQGWKDWZDVFKDQJHG
DQGLPSURYHGLQWKLVZRUNDUH
x 7RROJHRPHWULHV
x 6KRHJHRPHWULHV
x &XWWLQJVSHHG
x )HHG
ϯ͘ϭ EĞǁĐŽƉƉĞƌƚŽŽů
)LUVWRIDOOWRILQGDVROXWLRQIRUWKHZLGHQLQJRIWKHFRSSHUGLVNLWZDVUHDGDORW
DERXWWKHOLWHUDWXUHRIWXUQLQJRIFRSSHU
7KHSUREOHPRIODWHUDOFROODSVHLVGXHWRWRRPXFKSUHVVXUHQHHGHGWRH[WUXGHLW
RUWRVXFKDQLQFUHDVHLQWHPSHUDWXUHGXHWRH[WUXVLRQFXWWLQJZLWKRXWUHIULJHUDQW
DQGLWZRXOGEULQJWKHPHWDOWRDVRIWHQLQJOHYHOWKDWZRXOGFDXVHLWWRFROODSVH,W
ZDVUHDG VFLHQWLILFDUWLFOHVDQGSURIHVVLRQDOWXUQHUIRUXPVRQLQWHUQHW >@>@
EHFDXVHWKHDGMXVWPHQWVRIWKHSDUDPHWHUVRIFXWVVXFKDVUDNHDQJOHDQGFXWWLQJ
VSHHGFRXOGDWOHDVWSDUWLDOO\VROYHWKLVSUREOHP 3HUKDSVWKHRSWLPDOVROXWLRQ
FRXOGEHWKHXVHRIDQDEXQGDQWTXDQWLW\RIOXEULFDQWOLTXLGWKDWZRXOGKDYH
ORZHUHGWKHWHPSHUDWXUHRIWKHPDWHULDODWWKHWLSRIWKHWRRODYRLGLQJWKHHIIHFWRI
KHDWVRIWHQLQJ,QWKLVZD\LWZRXOGUHGXFHWKHZRUNSLHFHWRROVKRHIULFWLRQ
+RZHYHUWKLVVROXWLRQLVLPSUDFWLFDOEHFDXVHWKHUHSHDWDELOLW\RIWKHH[WUXVLRQ
FXWWLQJSURFHVVLVVWLOOWRILQGDQGWKLVLVGRQHE\SXWWLQJIHZHUSRVVLEOHYDULDEOHV
LQWKHSURFHVV7KHOXEULFDQWOLTXLGZRXOGKDYHEHHQGLIILFXOWWRUHSURGXFH DVD
FRPSRVLWLRQVSUD\GLUHFWLRQDQGRXWOHWSUHVVXUH
Ϯϲ
7KHVWXGLHVGRQHOHWXQGHUVWDQGWKDWWKHIURQWDOUDNHDQJOHKDVDJUHDWLQIOXHQFHRQ
WKHVXUIDFHILQLVKGLVNVXUIDFHDQGRQWKHIRUFHQHFHVVDU\IRUFXWWLQJ$VWUXS>@
XVHGDUDNHDQJOHIRUKLVH[SHULPHQWVEXWIRXQGWKHSUREOHPRIODWHUDO
FROODSVHHYHQ'H&KLIIUHDQG6HJDOLQD>@XVHGDDQJOH
&ŝŐƵƌĞϭϲ͗/ŵĂŐĞƚŽƐŚŽǁǁŚĂƚŝƐƚŚĞ͞ZĂŬĞĂŶŐůĞ͟ĂŶĚ͞ůĞĂƌĂŶĐĞĂŶŐůĞ͘͟
$VVXPLQJWKDWZLWKDKLJKHUUDNHDQJOH VHH)LJWKHWRROSHQHWUDWHVEHWWHU
LQWRWKHFRSSHUORZHULQJWKHIRUFHVDQGWKHWHPSHUDWXUHVLQYROYHG7RDYRLGWKDW
VLGHFROODSVHHIIHFWDUDNHDQJOHZDVFKRVHQ)LJDWWKHYDOXHOLPLWRIWKH
UHFRPPHQGHGLQFOLQDWLRQIRUWKHWXUQLQJRIFRSSHURQYDULRXVPDQXDOV,QWKHLU
VWXG\RIWKHRSWLPDOUDNHDQJOHDOVRWDNHLQWRJUHDWFRQVLGHUDWLRQWKHZHDURIWKH
WRRODQGWKHUHIRUHRIWKHXVHIXOOLIHRIWKHWRROZKLFKLVDUHVHDUFKHQYLURQPHQW
DQGIRUWKLVSXUSRVHLVDWRWDOO\LUUHOHYDQWSDUDPHWHU
&ŝŐƵƌĞϭϳ͗dŚĞĐŽƉƉĞƌ ƚŽŽůǁŝƚŚϮϱΣƌĂŬĞĂŶŐůĞ͘
Ϯϳ
ϯ͘Ϯ ƌĂƐƐƚŽŽů
7KHWRROIRUWKHEUDVVZDVFKRVHQWRXVHDUDNHDQJOHDV'H&KLIIUH>@KDG
SUHYLRXVO\XVHGZLWKH[FHOOHQWUHVXOWVDQGDVZHOODV6HJDOLQDLQKLVWKHVLV>@
+RZHYHUKDYLQJGRQHWKHWHVWWRLQVHUWLQ6ROLG:RUNVWKHWRROIRUWKHEUDVVLQWKH
QHZHTXLSPHQWIRUH[WUXVLRQFXWWLQJGHVLJQHGE\$VWUXS>@DQGSURYLGHGE\
)$7,ZDVSRVVLEOHVHHQWKDWZLWKWKHILQDOSDUWRIWKHWRROZDVJRLQJWRFORVH
WKHVSDFHQHFHVVDU\IRUWKHHYDFXDWLRQRIWKHH[WUXGHGFKLSEHWZHHQWRRODQGVKRH
6RWKHHDVLHVWDQGPRVWLPPHGLDWHVROXWLRQZDVWROHDYHDUDNHDQJOHEXWMXVW
RQILUVWPPRIWRRODUHWKRVHWKDWUHDOO\ZRUNDVVXPLQJDUHDVRQDEO\UHDO
FRQWDFWOHQJWKRIWKHFKLS LQWKHPPDQGWKHQWKHUHVWRIWKHWRROFRQWLQXHGZLWK
DLQFOLQDWLRQ)LJVRWKDWLQWKHWHUPLQDOSDUWFORVHVWWRWKHVKRHWKHUHZDV
HQRXJKVSDFHIRUFKLSHYDFXDWLRQZLWKRXWSUREOHPV
&ŝŐƵƌĞϭϴ͗dŚĞďƌĂƐƐ ƚŽŽůǁŝƚŚƌĂŬĞĂŶŐůĞŽŶŽŶůǇϮ ŵŵĂŶĚƌĞƐƚŽĨƚŚĞƚŽŽůĂƚϮϬΣ͘
Ϯϴ
ϯ͘Ϯ͘ϭ ůĞĂƌĂŶĐĞĂŶŐůĞ
7KHFOHDUDQFHDQJOHZDVPDLQWDLQHG DWDVZDVGRQHIRUDOOWKHSUHYLRXVWHVWV
GRQH7KHFOHDUDQFHDQJOHHVVHQWLDOO\VHUYHVWRDYRLGIULFWLRQRIWKHWRROZLWKWKH
XQFXWZRUNSLHFHEXWLIWKLVDQJOHLVWRRKLJKWKHPDWHULDORIWKHWRROZLOOEH
UHGXFHGZLWKWKHFRQVHTXHQFHRIZHDNHQLQJLW ZLWKRXWJHWWLQJDQ\DGYDQWDJHV
ϯ͘ϯ ^ŚŽĞĚĞƐŝŐŶ
6HJDOLQDDQG'H&KLIIUH LQ>@WULHGWRILQGWKHDSSOLFDELOLW\RIH[WUXVLRQFXWWLQJ
RQFRSSHUDVDPHWKRGRIFKDUDFWHUL]DWLRQRIWKHPDWHULDO,WHPHUJHGWKDWWKH
FRSSHUGLVNMXVWDIWHUWKHEHJLQQLQJRIWKHH[WUXVLRQIODNHGVLGHZD\V )LJ
LQFUHDVLQJLWVZLGWKDQGVRSDUWLDOO\IDOVLI\LQJWKHGDWDREWDLQHGVLQFHWKHDUHDRI
WKHH[WUXGHGPHWDOZDVFRQWLQXRXVO\LQFUHDVHGPDNLQJGLIILFXOWWRLGHQWLI\WKH
FRUUHFWH[WUXVLRQSUHVVXUH
&ŝŐƵƌĞϭϵ͗tƌŝŶŬůĞĚĐŽƉƉĞƌǁŽƌŬƉŝĞĐĞ ΀ϰ΁͘
Ϯϵ
$VWUXS LQKLVWKHVLV>@WU\LQJWRVROYHWKLVSUREOHPZLWKWKHFRSSHULQVHUWHGVLGH
VKDYLQJWRROVWRWKHVKRH )LJVRWKDWWKHVHVKDYLQJWRROVZRXOGFXWWKH
PDWHULDOWKDWKDGVSUHDGNHHSLQJWKHFRSSHUZRUNSLHFHRIDFRQVWDQWDQG
FRQWUROOHGWKLFNQHVV
7KHLGHDZDVH[FHOOHQWEXWWKHUHVXOWZDVQRWVRJRRGEHFDXVHWKHPDWHULDOZDV
JRLQJWRVWLFNWRJHWKHUZLWKWKHWRRODQGVKRHDQGEORFNHGWKHSURFHVV
&ŝŐƵƌĞϮϬ͗ŽƉƉĞƌƚŽŽůŝŶŐǁŝƚŚĂĚĚĞĚƐŚĂǀŝŶŐƚŽŽůƐ΀ϰ΁͘
&ŝŐƵƌĞϮϭ͗ĞƐƚƌŽǇĞĚĐŽƉƉĞƌǁŽƌŬƉŝĞĐĞǁŝƚŚƐŚĂǀŝŶŐƚŽŽůƐ΀ϰ΁͘
:LWKVXFKVWURQJHYLGHQFH )LJWKDWWKHVKDYLQJWRROVZHUHQ
WWKHVROXWLRQ
EXWPD\EHRQHPRUHSUREOHPLWZDVHOLPLQDWHGVRWKHVKRHRIWKHFRSSHU
FDPSDLJQZDVGLIIHUHQWWKDQWKHRQHXVHGE\$VWUXS>@,QWKHWHVWVWKDWZHUH
GRQHZDVXVHGWKHVDPHVKRHDOVRXVHGIRUEUDVV
ϯϬ
$FDXVHRISURFHVVIDLOXUHZDVWKHPDWHULDOSLOHXSRQWKHVKRH$VWUXS>@SDVVHG
IURPWKHGHJUHHVRIHQWUDQFHDQJOHRIWKHVKRHXVHGE\'H&KLIIH DQG6HJDOLQD
>@>@>@WRWKLQNLQJWKDWWKHUHZDVOHVVZRUNSLHFHWRROFRQWDFWEXWZLWKKLV
H[SHULPHQWVDEDGHIIHFWZDVQRWLFHG7KHPDWHULDOWKDWDFFXPXODWHGRQWKHVKRH
ZDVVRPXFKWKDWLWLQFUHDVHGWKHIRUFHRQWKHVKRHXQWLOSXVKLQJLWGRZQDQG
FORVLQJWKHJDSVKRHWRRODQGEORFNLQJWKHSURFHVV7KLV IDLOXUHPRGHFDQDOVREH
DWWULEXWHGWRDQLQFRUUHFWGHVLJQRIWKHHTXLSPHQWZKLFK$VWUXS>@ODWHUPRGLILHG
GHVLJQLQJDQHZYHUVLRQRIVKRHKROGHUV
7RVWLOODYRLGWKHDFFXPXODWLRQRIPDWHULDOZDVRSWHGIRUDQHQWUDQFHDQJOHRIWKH
VKRHRIH[DFWO\OLNHWKDWXVHGE\6HJDOLQDDQG'H&KLIIUH>@ZLWKH[FHOOHQW
UHVXOWV
&ŝŐƵƌĞϮϮ͗^ŚŽĞƐŚŽǁŝŶŐ ĞŶƚƌĂŶĐĞĂŶŐůĞŽĨϮΣ͕Žƌ ϱΣ΀ϰ΁͘
ϯ͘ϰ dŽŽůƐŵĂƚĞƌŝĂů
7KHROGWRROVZHUHSURGXFHGIURP$63KLJKVSHHGVWHHOEDUVDQGWKHVKRH
DOVR ZLWKWKHVDPHPDWHULDOZKLOHIRUWKHQHZH[SHULPHQWVLWZDVGHFLGHGWRXVH
DQ+66ZKLFKLQFRPSDULVRQWRWKH$63LVPRUHWHQDFLRXVHYHQLILWKDVD
ORZHUZHDUUHVLVWDQFH+RZHYHUIRUWKHSXUSRVHRIWKLVZRUNDQGWKHPDWHULDOV
XVHGWRZRUNFRSSHUDQGEUDVVLWLVEHWWHUDQGWKHWRROOLIHLVWKHODVWRIWKH
SDUDPHWHUVWREHWDNHQLQWRFRQVLGHUDWLRQDQGWKHSULRULW\LVWRREWDLQDVWDEOH
SURFHVV
7XJVWHQFDUELGHZDVDOVRDYDLODEOHEXWLWZLOOEHXVHGIRUWKHWHVWRQVWHHODVLW
PDNHVQRVHQVHWRXVHWKHPDWHULDOVRKDUGDQGGLIILFXOWWRVKDUSHQDVFDUELGHIRU
UHODWLYHO\VRIWPDWHULDOVVXFKDVFRSSHUDQGEUDVV
ϯϭ
&KDSWHU
([WUXVLRQFXWWLQJ LQVWUXPHQWV DQG
HTXLSPHQW
,QWKLVFKDSWHU DOOWKHLQVWUXPHQWVXVHGGXULQJWKHODERUDWRU\WHVWVZLOOEH
GHVFULEHGLQGHWDLOLQFOXGLQJWKHHTXLSPHQW)LJ
&ŝŐƵƌĞϮϯ͗ǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐĞƋƵŝƉŵĞŶƚ͘
ϰ͘ϭ ǇŶĂŵŽŵĞƚĞƌ
.LVWOHU$$0XOWLFRPSRQHQWG\QDPRPHWHUZDVXVHG)LJ ,WLVFDSDEOHRI
PHDVXULQJIRUFHVLQWKUHHGLIIHUHQWGLUHFWLRQVQDPHO\WKH;<DQG=D[LV )LJ
5HVSHFWLYHO\FXWWLQJIRUFHWUXVWIRUFHDQG]IRUFH
7KHIRUFHVHQVRUVHDFKFRQWDLQWKUHHFU\VWDOTXDUW]GLVNVRQHRIZKLFKLVVHQVLWLYH
WRSUHVVXUHLQWKH\GLUHFWLRQDQG WKHWZRRWKHUVWRVKHDUIRUFHLQWKH[RU]
GLUHFWLRQV7KHIRUFHVDUHPHDVXUHGZLWKSUDFWLFDOO\QRGLVSODFHPHQW
7KHGLUHFWLRQVRIWKHVHIRUFHVDUHVSHFLILHGUHODWLYHWRWKHIURQWRIWKH
G\QDPRPHWHUDVLOOXVWUDWHGLQWKHILJXUH
ϯϮ
&ŝŐƵƌĞϮϰ͗/ůůƵƐƚƌĂƚŝŽŶŽĨĚǇŶĂŵŽŵĞƚĞƌŝŶĐůƵĚŝŶŐĨƌŽŶƚĂƌĞĂ
DQGWKHSRVLWLYHPHDVXUHPHQWGLUHFWLRQVDUHLOOXVWUDWHGLQWKHILJXUH
&ŝŐƵƌĞϮϱ͗/ůůƵƐƚƌĂƚŝŽŶŽĨĨŽƌĐĞŵĞĂƐƵƌĞŵĞŶƚĚŝƌĞĐƚŝŽŶƐƌĞůĂƚŝǀĞƚŽƚŚĞĨƌŽŶƚŽĨƚŚĞ
ĚǇŶĂŵŽŵĞƚĞƌ͕ĂƐŝůůƵƐƚƌĂƚĞĚŝŶĨŝŐƵƌĞϮϰ͘
0D[SHUPLWWHGPHDVXULQJUDQJH
)[)\)]±>N1@
)RUFHDSSOLFDWLRQSRLQWDWFRYHUSODWHVXUIDFH
0[0\0]±>1āP@
6HQVLWLYLW\UDWHG
)[ SF1§±
)\SF1§±
)] SF1§±
ϯϯ
1DWXUDOIUHTXHQF\
IQ[N+]§
IQ\N+]§
IQ]N+]§
:LWKFRSSHUDQGEUDVVH[WUXVLRQIURP>@>@LVSRVVLEOHWRQRWLFHWKDWWKHIRUFHV
LQYROYHGDUHQRWJUHDWHUWKDQ1DQGWKHUHIRUHWKHUHLVQRSUREOHPRIGDPDJH
WKHG\QDPRPHWHUKDYLQJDOLPLWIRU1$GLIIHUHQWFDVHLVLIWKHVWHHOLV
H[WUXGHGWKHIRUFHVZRXOGEHPXFKKLJKHUDQGWRSUHVHUYHWKHG\QDPRPHWHU
V
LQWHJULW\WKHGHVLJQRIDQRWFKGHVLJQHGRQWKHWRROZRXOGEHQHFHVVDU\VRWKDWDWD
FHUWDLQOHYHORIIRUFHUHDFKHGWKHWRROZRXOGEUHDNDQGQRWWKHG\QDPRPHWHU
ZKLFKLVPRUHH[SHQVLYH
7KHQDWXUDOIUHTXHQF\RIWKHV\VWHPDQGG\QDPRPHWHUDUHWREH REVHUYHGEHFDXVH
LILWZDVUHDFKHGWKHVDPHIUHTXHQF\WKHVLJQDORIWKHIRUFHVZRXOGUHVXOWLQILQLWH
UHDFKLQJWKHUHVRQDQFH
7KHG\QDPRPHWHULVPRXQWHGRQWKHPDLQVWUXFWXUHRIWKHG\QDPRPHWHUXVLQJ
IRXU0PDFKLQHVFUHZV2QWKHIODWVXUIDFHRIWKHG\QDPRPHWHUWKHUHDUH
PXOWLSOHEOLQGERUHVDYDLODEOHIRUZKLFKDWRROLQJVORWLVPRXQWHGZKLFKLQWXUQ
PRXQWVWKHWRROELWKROGHU)RUWKHFDOLEUDWLRQFHUWLILFDWHRIWKHG\QDPRPHWHUVHH
DSSHQGL[
&KDUJHDPSOLILHUFKDQQHOVDUHDOVRQHHGHGWREXLOGDFRPSOHWHPHDVXULQJ
ϯϰ
ϰ͘Ϯ ŚĂƌŐĞĂŵƉůŝĨŝĞƌ
&ŝŐƵƌĞϮϲ͗DƵůƚŝĐŚĂŶŶĞůůĂďŽƌĂƚŽƌǇĐŚĂƌŐĞĂŵƉůŝĨŝĞƌdǇƉĞϱϬϳϬ͘
7KLVXQLYHUVDOODERUDWRU\FKDUJHDPSOLILHU )LJ FDQEHXVHG IRUIRUFHDQG
WRUTXHPHDVXUHPHQWVZLWKSLH]RHOHFWULFG\QDPRPHWHUVRUIRUFHSODWHV
3LH]RHOHFWULFVHQVRUVSURGXFHDQHOHFWULFFKDUJHZKLFKYDULHVLQGLUHFWSURSRUWLRQ
ZLWKWKHORDGDFWLQJRQDVHQVRU7KHDPSOLILHUFRQYHUWVWKLVFKDUJHVLJQDOLQWRD
SURSRUWLRQDORXWSXWYROWDJH
7KLVLQVWUXPHQWLVSDUWLFXODUO\VXLWDEOHIRUJHQHUDOIRUFHPHDVXUHPHQWVFXWWLQJ
IRUFHPHDVXUHPHQWVZLWK.LVWOHUG\QDPRPHWHUVZKHQDZLGHPHDVXULQJUDQJHRU
KLJKTXDOLW\RIVLJQDOVLVQHHGHG
&ŝŐƵƌĞϮϳ͗ĂƚĂĐƋƵŝƐŝƚŝŽŶ^ǇƐƚĞŵĨŽƌ&ŽƌĐĞDĞĂƐƵƌĞŵĞŶƚdǇƉĞϱϲϵϳ
ϯϱ
7KH'$4V\VWHPIRU'\QR:DUH )LJ FRQVLVWVRIDFRQQHFWLRQER[DQGWKH
'\QR:DUHSURJUDP8SWRWZRPXOWLFKDQQHOFKDUJHDPSOLILHUVDQGKHQFHWZR
PHDVXULQJFKDLQVFDQEHFRQQHFWHGWRWKHFRQQHFWLRQER[$ELW$'FRQYHUWHU
GLJLWL]HVWKHDQDORJRXWSXWGDWD7KHV\VWHPLVFRQQHFWHGWRWKH3&YLDD86%
SRUWFRQWURORIWKHFKDUJHDPSOLILHURUVLJQDOFRQGLWLRQHULVKDQGOHGE\WKH
FRQQHFWLRQER[YLDDQ56&FDEOH
8VHUVKDYHDWWKHLUGLVSRVDODQHDV\WRXVHGDWDDFTXLVLWLRQV\VWHPZLWKDKLJK
VDPSOLQJUDWH
$ '$4V\VWHPKDVEHHQGHYHORSHGVSHFLILFDOO\IRUSLH]RHOHFWULFPHDVXULQJ
V\VWHPVDQGWKHLUFKDUJHDPSOLILHUVDQGVLJQDOFRQGLWLRQHUV7KHH[FHOOHQW
UHVROXWLRQRIWKHV\VWHPDQGLWVYHU\KLJKVDPSOLQJIUHTXHQF\RIXSWRN6V
ZLWKPHDVXULQJFKDQQHOVHQDEOHVFXVWRPHUVWRPHDVXUHKLJKO\G\QDPLF
SURFHVVHVDQGFRYHUVDYHU\EURDGUDQJHRIDSSOLFDWLRQV:KHQLWLVXVHGLQ
FRQMXQFWLRQZLWKWKH'\QR:DUHSDFNDJHWKH'$4V\VWHPFRPHVLQWRLWVRZQLQ
JHQHUDOPHDVXULQJDQGFXWWLQJIRUFHPHDVXUHPHQWDSSOLFDWLRQV
&ŝŐƵƌĞϮϴ͗dǇƉŝĐĂůŵĞĂƐƵƌŝŶŐĐŚĂŝŶǁŝƚŚYƐǇƐƚĞŵdǇƉĞϱϲϵϳϭ͘
ϯϲ
ϰ͘ϯ ^ŽĨƚǁĂƌĞ
&ŝŐƵƌĞϮϵ͗>ĂďŽƌĂƚŽƌǇsŝƌƚƵĂů/ŶƐƚƌƵŵĞŶƚŶŐŝŶĞĞƌŝŶŐtŽƌŬďĞŶĐŚ ;>Ăďs/tͿ͘
,WLVDV\VWHPGHVLJQSODWIRUPDQGGHYHORSPHQWHQYLURQPHQWIRUD YLVXDO
SURJUDPPLQJODQJXDJH IURP 1DWLRQDO,QVWUXPHQWV
ϰ͘ϯ͘ϭ ^ŽĨƚǁĂƌĞƐĞƚƚŝŶŐ
7KHPRVWLPSRUWDQWSDUWRIPHDVXULQJFKDLQWRJHWJRRGGDWDLVWKH/DE9,(:
VHWWLQJ
6RLQWKLVSDUWLWZLOOEHH[SODLQHGKRZ LWZDVVHWXSDQGKRZLVXVHGWKH VWHSGDWD
DFTXLVLWLRQSURJUDP
7KHG\QDPRPHWHUFDEOHVKDYHWKXVEHHQFRQQHFWHG
&KDQQHO $ZKLFKFRUUHVSRQGVWRWKH;D[LV
&KDQQHO $ZKLFKFRUUHVSRQGVWRWKH\D[LV
&KDQQHO $ZKLFK FRUUHVSRQGVWRWKH]D[LV
7XUQRQWKH&KDQQHO&KDQJH$PSOLIHU7\SH
6HOHFWLQJFKDQQHOPDNHVLWSRVVLEOHWRVHHWKDWLWLVVHWWR1E\GHIDXOWVR
WKHJDLQVWKDWLQGLFDWHVWKHVFDOHIDFWRULV197KLVPHDQVWKDWLIWKH
G\QDPRPHWHUSHUFHLYHV1WKHDPSOLILHUZLOOVHQGYROWVLJQDOKDYLQJDVFDOH
IDFWRURI19
.QRZLQJWKDWWKHIRUFHVLQWKHFKDQQHOLQYROYHGZRXOGUHDFKDPD[LPXPRI
1VHWWLQJ1LQWKDWVSHFLILFFKDQQHORQHZRXOGJHWDJDLQRI19
ϯϳ
DQGWKHUHE\KDYHWRPDQXDOO\VHWWKHYDOXHRILQWKHER[IRUWKDWFKDQQHO
V
JDLQLQWKDWFKDQQHOLQ/DE9,(:SURJUDP
 2SHQ/DE9,(: )LJ
,WLVQRZSRVVLEOHWRVHHWKDWRQWKHOHIWWKHUHDUHVRPHSDQHOVFDOOHG*DLQDQG
WKHUHDUHDVPDQ\ER[HVDVWKHUHDUHFRQQHFWHGFKDQQHOVLQWKHVHH[SHULPHQWV
FDVH
6RKDYLQJVHWWKHDPSOLILHUWRWKHYDOXHRI1RQFKDQQHOD[LV;
FRUUHVSRQGLQJWRDJDLQRI19RQHPXVWDOVRVHWWKLVYDOXHRI*DLQLQ
/DE9,(:LQFRUUHVSRQGHQFHRI*DLQ;
$SUREOHPDULVHVZKHQWKHPD[LPXPIRUFHLVVHWWR1EXWHYHQWXDOO\UHDFKHV
DJUHDWHUIRUFH7KLVZLOOFRQWULEXWHWRWKHDSSHDUDQFHRIDQKRUL]RQWDOOLQHDVLW
ZHQWRIIWKHVFDOH,WLVLPSRUWDQWWREHDZDUHRIWKHIDFWWKDWWKHG\QDPRPHWHUKDV
DQXSSHUOLPLWRI1([FHHGLQJWKLVOLPLWLWZRXOGEHSRVVLEOHWKHEUHDNLQJ
RIWKHG\QDPRPHWHU
:LWKFFWUO(WKHEORFNGLDJUDPRSHQVZKHUHWKHUHDUHDOOWKHLPSRUWDQW
IXQFWLRQV
7KHEORFNRQWKHOHIWLVWKHRQHWKDWUHDGVWKHGDWD
)URPWKLVEORFNLWLVSRVVLEOHWRVHHWKHFKDQQHOVWKDWDFTXLUHWKDWDUH$$DQG
$WKHQ\RXVHHWKHUDQJHWKDWZDVSUHVHWDW9DQGWKDWLVILQHIRUWKH
H[SHULPHQW7KHQWKHUHLVWKHZD\RIDFTXLULQJGDWDDFTXLVLWLRQPRGH
&RQWLQXRXVVDPSOLQJLVFKRVHQZKLFKPHDQVWKDWLWDFTXLUHV GDWDFRQWLQXRXVO\
IURPZKHQLWVWDUWVVKXIIOHDQGXQWLOLWVWRSV
$QGWKHQWKHUHLVWKHDFTXLVLWLRQVSHHGZKLFKZDVVHWDW+HUW]RQWKH
DGYLFHRID3K'ZDVNHSWWKLVYDOXHEXWWKHQLWWXUQHGRXWWREHFDWDVWURSKLF
EHFDXVHLWZHLJKHGGRZQP\GDWDDQDO\VLVPDNLQJWKH([FHOVWRSVZRUNLQJ
ϯϴ
ϰ͘ϰ ĂůŝƉĞƌ
&ŝŐƵƌĞϯϬ͗ŝĞƐĞůůĂĚŝŐŝƚĂůĐĂůŝƉĞƌϬͲϭϱϬŵŵǆϬ͕Ϭϭŵŵ
dĂďůĞϮ͗ĂůŝƉĞƌĐŚĂƌĂĐƚĞƌŝƐƚŝĐ
ϯϵ
ϰ͘ϱ tŽƌŬƉŝĞĐĞ
&ŝŐƵƌĞϯϭ͗ƌĂƐƐǁŽƌŬƉŝĞĐĞƐŝŶĚŝĨĨĞƌĞŶƚƐŝǌĞ͘
&LUFXODUZRUNSLHFHV )LJ ZLWKWKLFNQHVVHTXDOWRPPZHUHUHDOLVHGFXWWLQJD
06EUDVVVKHHWDQGSXUHFRSSHU KDOIKDUGVKHHW[[PPZLWKZDWHU
MHWDQGWKHQWXUQLQJWKHPWRDGLDPHWHURIPP2QHPRXQWLQJKROHZDV
FXWLQWKHPLGGOHRIWKHGLVFWRHQDEOHILWWLQJWKHZRUNSLHFHWRWKHPDQGUHODOUHDG\
H[LVWLQJDQGRWKHUWZRKROHVZHUHDOVRFXWWRWKHVLGHVRIWKHPRXQWLQJKROH
WRHQDEOHWKHILWWLQJRISLQVLQWRWKHZRUNSLHFHVRWKDWVXSSRUWULQJVFRXOGEH
PRXQWHGWRUHGXFHWKHDPRXQWRIYLEUDWLRQVRFFXUULQJDQGJLYHVWLIIQHVVRQ
ZRUNSLHFH0DLQO\XVHGGLVFVDOUHDG\XVHGIRUDIHZUXQVE\6HJDOLQD>@DQG
$VWUXS>@,PDGHDVRUWRIUHF\FOHRIROGZRUNSLHFHVWKDWZHUHVWLOOH[FHOOHQWZLWK
DGLDPHWHUEHWZHHQPPDQGPPWKH\VWLOOKDGPDQ\UXQVWRGR
2EYLRXVO\EHIRUHVWDUWLQJWKLVWHVWVLWKDVEHHQSUHYHQWLYHO\WXUQHGZLWKD
QRUPDORUWKRJRQDOFXWWLQJWRUHDFKWKHURXQGQHVV
ϰϬ
ϰ͘ϱ͘ϭ WƌŽƉĞƌƚŝĞƐŽĨŵĞƚĂůƐƵƐĞĚ
dĂďůĞƐϯ͗ƌĂƐƐƉƌŽƉĞƌƚŝĞƐ
dĂďůĞϰ͗ŽƉƉĞƌƉƌŽƉĞƌƚŝĞƐ
ϰϭ
ϰ͘ϲ ^ƵƉƉŽƌƚĚŝƐŬƐ
6XSSRUWGLVNVLQVWHHO )LJZLWKYDULDEOHGLDPHWHUVDQGPPWKLFNZHUH
GHVLJQHGWRSUHYHQWZRUNSLHFHGHIOHFWLRQGXULQJWKHSURFHVV
7KHZRUNSLHFHVDUHRQO\PPWKLFNZLWKDKLJKUDWLRYDOXHRIGLDPHWHURQ
WKLFNQHVVDQGKDYHDPRGXOXVRIHODVWLFLW\WKDWLVQRWYHU\KLJKIRUERWKPDWHULDOV
FRSSHUDQGEUDVV7KHZRUNSLHFHWHQGVWRYLEUDWHDQGWRIOH[GXULQJWKHSURFHVV
VRWKHVHGLVNVKDYHEHHQPDGHRIVXSSRUWLQRUGHUWRVWLIIHQWKHZRUNSLHFHFORVLQJ
LQDVDQGZLFK
&ŝŐƵƌĞϯϮ͗^ƵƉƉŽƌƚĚŝƐŬƐŝŶƐƚĞĞůƵƐĞĚĨŽƌĞǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐ
7KHVXSSRUWGLVNVDUHPDGHZLWKGHFUHDVLQJGLDPHWHUVWRIROORZWKHUHGXFWLRQRI
WKHGLDPHWHUZRUNSLHFH7KHGLIIHUHQFHEHWZHHQWKHZRUNSLHFHDQGWKHVXSSRUW
GLVNVUHDFKHVPPRQWKHGLDPHWHU7KHVSLQGOHLVGLVDVVHPEOHGDQGWKHVXSSRUW
GLVNVDUHFKDQJHGZLWKWZRVPDOOHURQHVDQGWKHQUHDVVHPEOHGRQWKHODWKHIRU
QHZUXQV7KLVLVWRDYRLGWKHFROOLVLRQH[WUXVLRQFXWWLQJHTXLSPHQWVXSSRUWGLVN
&ŝŐƵƌĞϯϯ͗ƐƐĞŵďůǇǁŽƌŬƉŝĞĐĞͲƐƵƉƉŽƌƚĚŝƐŬƐ͘΀ϯ΁
ϰϮ
ϰ͘ϳ >ĂƚŚĞ
7KHRSHUDWLRQVRIFXWWLQJZHUHFDUULHGRXWRQWKH0D]DN1H[XV&1&ODWKH
&ŝŐƵƌĞϯϰ͗dŚĞDĂǌĂŬEĞǆƵƐEůĂƚŚĞ
ϰ͘ϴ DĂŶĚƌĞů
7KHPDQGUHOKDGSURORQJDWLRQRIPPLQRUGHUWRSUHYHQWWKHFRQWDFWZLWKWKH
ODWKHUHYROYLQJKHDGDQGWKHWDLOVWRFNQHFHVVDU\IRULQFUHDVLQJWKHV\VWHP
VWLIIQHVVDQGUHGXFHZRUNSLHFHYLEUDWLRQVVRLPSURYHSURFHVVVWDELOLW\ZLWKD
YLEUDWLRQIUHHIRUFHGLDJUDP$GGLWLRQDOO\WZRKROHVZHUHUHDOLVHGIRUSLQV¶
LQVHUWLRQQHFHVVDU\WRIL[ZRUNSLHFHV
&ŝŐƵƌĞϯϱ͗ǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐŵĂŶĚƌĞůǁŝƚŚĨŽĐƵƐŽŶƚǁŽŚŽůĞƐĨŽƌƉŝŶ͛ƐŝŶƐĞƌƚŝŽŶ΀ϯ΁
ϰϯ
ϰ͘ϵ DĂŝŶƋƵŝƉŵĞŶƚ
7KHHTXLSPHQWXVHGE\6HJDOLQD>@ZDVUDZDQGDWWKHHDUO\VWDJHVRI
GHYHORSPHQWWKHQ$VWUXS>@LQKLVWKHVLVIRXQGVRPHSUREOHPVZLWKWKH
HTXLSPHQWDQGWKHQVHWKLVWKHVLVZRUNRQGHVLJQLPSURYHGHTXLSPHQW,QWKHVH
WHVWVZDVSRVVLEOHWRWDNHDGYDQWDJHRIWKHQHZHTXLSPHQWWKDWZRUNHGYHU\ZHOO
LWZDVDEOHWRDFKLHYHWKHKRSHGIRUSURFHVVVWDELOLW\
7RNQRZLQGHWDLODOOWKHSDUWVRIWKHHTXLSPHQWVHHWKHWKHVLVRI$VWUXS>@DQG
6HJDOLQD>@
&ŝŐƵƌĞϯϲ͗ EĞǁĞƋƵŝƉŵĞŶƚƉƌŽǀŝĚĞĚďǇ&ĂƚŝŐƌŽƵƉ͕ƵƉĚĂƚĞĚƚŽϮϬϭϵĂĨƚĞƌƚŚĞŶĞǁƌĞͲ
ĚĞƐŝŐŶŵĂĚĞďǇƐƚƌƵƉ΀ϰ΁
ϰϰ
ϰϱ
&KDSWHU
)LUVWH[SHULPHQWDOWHVWFDPSDLJQ
,QWKLVFKDSWHULWZLOOEHGLVFXVVHGDERXWWKH ODERUDWRU\WHVWVWKDWZDVPDGHILUVW
RQEUDVVDQGWKHQRQFRSSHU
,WZDVVWDUWHGZLWKDEUDVVWHVWEHFDXVHLWLVWKHPDWHULDORQZKLFKPRUHWHVWVKDYH
EHHQPDGHDQGLWLVWKHRQHZKHUHWKHSURFHVVLVPRUHVWDEOH
,WZDVNHSW WKHSDUDPHWHUVDOUHDG\SRVLWLYHO\WHVWHGE\6HJDOLQD>@DQG3URIHVVRU
'H &KLIIUH>@7KH\DUHWKHIROORZV
x VDPHIHHGHTXDOWRPP
x VDPHPDWHULDOEUDVV
x VDPHFXWWLQJVSHHG
7KHSXUSRVHRIWKHILUVWH[SHULPHQWDOFDPSDLJQLVWRWHVWWKHFKDQJHVPDGHRQWKH
HTXLSPHQWE\$VWUXS>@ DQGPDQXIDFWXUHGE\)$7,JURXS:KLFKVKRXOGKDYH
OHGWRDQHDVLHUDQGPRUHHIIHFWLYHDGMXVWPHQWRIWKHJDSEHWZHHQVKRHDQGWRRO
7KHRSHUDWRUVWDUWHGE\DVVHPEOLQJWKHHTXLSPHQWILUVWRQWKHZRUNWDEOHDQGWKHQ
SRVLWLRQHGRQWKHODWKH
7KHQYHU\FDUHIXOO\WKHG\QDPRPHWHUZDVFRQQHFWHGDQGLWZDVDOVRERXQGWKH
G\QDPRPHWHUFDEOHRXWVLGHWKHODWKHWRDYRLGWKDWIDOOVRULVXQLQWHQWLRQDOO\EUHDN
EHLQJD QHZDQGYHU\H[SHQVLYHFDEOH,WZDVVXEVHTXHQWO\FKHFNHGWKDWWKHKLJK
EHWZHHQWKHWLSVZDVULJKWWRDYRLGWULYLDOHUURUV
ϰϲ
3KDVHVRIWKHSURFHGXUHLQJHQHUDO
:RUNSLHFHSODFHGEHWZHHQVXSSRUWGLVNDQGFODPSHGRQWKHPDQGUHO
&KDUJHDPSOLILHUWXUQHGRQIURPUHVHWWRPHDVXULQJPRGH
/DE9,(:VRIWZDUHVWDUWHGRQD3&IRUFHVGDWDDFTXLVLWLRQ
([WUXVLRQFXWWLQJRSHUDWLRQ
/DE9,(:SURJUDPVWRSSHGFKDUJHDPSOLILHUVWXUQHGWRUHVHWPRGH
7RROLQVSHFWHGZHDUDQGEXLOGXSHGJHGHWHFWLRQ
6KRHFOHDQLQJZLWKDEUDVLYHSDSHUUHPRYDORIUHVLGXDOEUDVV
&KLSFROOHFWHGLQQXPEHUHGHQYHORSHV
)RUFHV&KLSVWKLFNQHVVHYDOXDWHG
ϱ͘ϭ ^ĞƚƵƉŽĨƚŚĞĨŝƌƐƚĞǆƉĞƌŝŵĞŶƚƐŽŶďƌĂƐƐ
$WWKHEHJLQQLQJRIWKHWHVWRQWKHILUVWGD\WKHSXUSRVHZDVWRYHULI\WKHQHZ
HTXLSPHQWDQGWRLQFUHDVHWKHHIILFLHQF\RIWKHWHVW6RLWZDVH[SORLWHGHYHU\UXQ
DOVRIRUWKHDFTXLVLWLRQRIQHZGDWDXVHIXOWRJHWUREXVWWKHH[WUXVLRQFXWWLQJ
SURFHVV
,WZDVVHHQWKDWWKHRSHUDWRUQHHGHGIURPWRPLQXWHVWRFKDQJHWKHVHWXSRI
WKHJDSEHWZHHQWKHVKRHDQGWKHWRRO2QWKHRWKHUKDQGLWZDVVHHQWKDWWR
FKDQJHWKH&1&¶VSURJUDPRQWKHPDFKLQHZDVIDVWHU,QRUGHURIWHQVRI
VHFRQGVLWZDVVHWEHIRUHHYHU\UXQWKHURWDWLRQVSHHGEDVHGRQWKHODVWGLDPHWHU
XVLQJWKHIRUPXOD
݊ ൌ ͳͲͲͲ כ ௏
గ
כ ଵ
஽
;ϱ͘ϭͿ
,WZDVFOHDUWKDWWKHERWWOHQHFNZKLFKLVWKHSDUWWKDWVORZGRZQWKHSURFHVVLQ
WKHVSHHGRIWHVWLQJZDVXVHGWRDGMXVWWKHVKRHWRROJDS,WZDVGHFLGHG WKDWWKLV
SDUDPHWHUKDGWREHFKDQJHGDVOLWWOHDVSRVVLEOH
,WZDVGHFLGHGWRGRWZRH[SHULPHQWDOFDPSDLJQVLQRQHVWHSWKDWLVZLWKDFXWWLQJ
VSHHGRIPPLQDQGDQRWKHUZLWKPPLQ,QWKLVZD\FKDQJLQJWKHVKRH
WRROJDSRQO\RQFHLWFRXOGEHSRVVLEOHWRJHWWZLFHDVPXFKGDWDZLWKMXVWRQH
VKRHVHWWLQJ
ϰϳ
,WZDVSRVVLEOHWRJHWWKHGDWDRIGLIIHUHQWODPEGDFXWWLQJVSHHGFRPELQDWLRQV
LQDVLQJOHWHVWGD\
ϱ͘Ϯ ^ĞƚƵƉŽĨƚŚĞĨŝƌƐƚĞǆƉĞƌŝŵĞŶƚƐŽŶĐŽƉƉĞƌ
2QWKHVHFRQGGD\LWZDVGRQHWKHPRVWGLIILFXOWWHVWWKDWLVRQFRSSHU$VWUXS
V
WHVWV>@RQWKLVPDWHULDOZHUHQRWVRJRRGEHFDXVHWKHPDWHULDOFRQWLQXHGWRVWLFN
WRWKHWRROEXLOGXSRUWKHFKLSZDVHPEHGGHGEHWZHHQWKHVKRHDQGWKHWRRO
7KHFRQVHTXHQFHZDVWKHSUREOHPRIWKHODWHUDOFROODSVHDOVRIRXQGE\6HJDOLQD
DQGSURIHVVRU 'H&KLIIUH>@ZKHQWKH\H[WUXGHGFRSSHU
1HYHUWKHOHVVLWZDVSUHSDUHGVHYHUDOZRUNVKHHWVWREDVHWKHH[SHULPHQW,WZDV
FKRVHQWKUHHGLIIHUHQWFXWWLQJVSHHGVDQGWKUHHGLIIHUHQWIHHGVIRUHDFKVSHHG
EHFDXVHLWZDVWKRXJKWWKDWWKHPRVWSUREOHPVZHUHGXHWRQRQRSWLPDOSURFHVV
SDUDPHWHUV
,WZDVLQYHVWLJDWHGWKHFXWWLQJVSHHGRIPPLQEHFDXVHZLWKWKHEUDVVLWKDG
JLYHQH[FHOOHQWUHVXOWVWKHQPPLQEHFDXVHLQ>@ZDV XVHGWKLVVSHHG,WZDV
DOVRWULHGWRSXVKWKHH[SHULPHQWXSWRPPLQHYHQLILWLVDVSHHGQRW
UHFRPPHQGHGIRUDQ+66WRROEHFDXVHLWLVWRRKLJKDQGGUDVWLFDOO\UHGXFHVWRRO
OLIHEXWRQWKHRWKHUKDQGLWKDVWKHDGYDQWDJHRIUHGXFLQJWKHIRUFHV
)RU WKHIHHGLWZDVXVHGPPEHFDXVHIRUWKHEUDVVLWJDYHH[FHOOHQWUHVXOWV
DQGZLWKPPEHFDXVH6HJDOLQD>@ZRUNHGZLWKWKLVIHHG,WZDVXVHGDOVR
PPWRWU\WRUHGXFHWKHIRUFHVLQYROYHGDYRLGLQJWKHODWHUDOFROODSVH7KLVLV
EHFDXVHZRUNLQJZLWKVPDOOHUIHHGVUHGXFHWKHFXWWLQJIRUFH
%XWDWWKHVDPHWLPHLIWKHIHHGLVUHGXFHGWRRPXFKWKHLQIOXHQFHRIWKH
PLFURPHWULFURXQGQHVVRIWKHWRROWLSVWDUWVWREHLQIOXHQWLDOJRLQJWRFKDQJHWKH
UDNHDQJOH
ϰϴ
&ŝŐƵƌĞϯϳ͗^ĐŚĞŵĂƚŝĐƌĞƉƌĞƐĞŶƚĂƚŝŽŶŽĨƚŚĞƚŽŽůƚŝƉǁŝƚŚƐŵĂůůĨĞĞĚ͘
,QILJXUHLWLVHDV\WRXQGHUVWDQGWKDWLIWKHIHHGLVYHU\VPDOOLWZLOOPRGLI\D
IXQGDPHQWDOSDUDPHWHUIRUWKHFDOFXODWLRQVDQGVRWKHUDNHDQJOHZKLFKIURP
SRVLWLYHFDQHYHQEHFRPHQHJDWLYHDVVKRZQ)LJ
)RUHDFKRIWKHVHFRPELQDWLRQVLWVKRXOGEHXVHGDWOHDVWJDSVWRKDYHHQRXJK
GDWDWKDWFDQEHXVHGIRUGDWDSURFHVVLQJ
ϱ͘Ϯ͘ϭ ^ƚƌĂƚĞŐǇƚŽĐŚŽŽƐĞďĞƐƚƉĂƌĂŵĞƚĞƌƐĨŽƌĐŽƉƉĞƌ
7RKDYHDWOHDVWGLIIHUHQWJDSVZDVQRWFRPSDWLEOHZLWKWKHWLPHDYDLODEOHWR
WKHPDFKLQHDQGWKHRSHUDWRUVRWKHVWUDWHJ\ 7DE ZDVWRGRUXQVLQLWLDOVZLWKD
ODPEGDWKDWZRXOGEHWKHODPEGDYDOXHWKDW6HJDOLQDDQG'H&KLIIUH>@
IRXQG,WZDVRIPLQLPDOH[WUXVLRQIRUFHDOWKRXJKWKHWKHRU\VD\VLWVKRXOGEH
ZURQJVKRXOGEHDWDODPEGD8VLQJWKLVODPEGDLWZDVPDGHGLIIHUHQW
WHVWVZLWKGLIIHUHQWIHHGVDQGWKHQLWZDVFKDQJHGWKHJDSIRUHDFKIHHG
0RUHRYHUIRUHDFKRIWKHVHLWZDVXVHGDUXQIRUHDFKFXWWLQJVSHHGDQG
PHWHUVSHUPLQXWH%HIRUHHDFKVWDUWLWZDVPHDVXUHGWKHWKLFNQHVVRIWKH
GLVNDQGDJDLQDWUXQILQLVKHGZLWKWKHDLPRILGHQWLI\LQJWKHFRPELQDWLRQRIEHVW
FXWWLQJSDUDPHWHUVWKDWZDVFKLSTXDOLW\ORZHUODWHUDOFROODSVHDQGZRUNQRLVH
ϰϵ
dĂďůĞϱ͗^ĞĐŽŶĚĞǆƉĞƌŝŵĞŶƚĂůĐŽƉƉĞƌĐĂŵƉĂŝŐŶǁĂƐ ƐĞƚƵƉ
$IWHUDYLVXDODQDO\VLVLWZDVFKRVHQWKHIHHGPPDQGFXWWLQJVSHHGDQG
PPLQ
7KHPPDQGPPIHHGVZLGHQHGDORWZKLOHWKHPPLQVSHHGZDVWKH
RQHWKDWJDYHWKHOHVVJRRGFKLSVWRFRQILUPWKDWORZFXWWLQJVSHHGVKDGD
QHJDWLYHHIIHFWLQWKHH[WUXVLRQFXWWLQJSURFHVVZDVPDGHDOVRDUXQDWPPLQ
7KLVFRQILUPHGWKDWWKHKLJKVSHHGVZHUHDJRRGFKRLFH$VIRUWKHODWHUDO
ZLGHQLQJDVFLHQWLILFPHWKRGZDVQRWIROORZHGEHFDXVHLWZDVDOZD\VVWDUWHG
IURPDGLIIHUHQWGLVNZLGWK7KHUHDVRQZK\LVWKDWWKHRSHUDWRUVKRXOGKDYH
GLVDVVHPEOHGWKHVSLQGOHZLWKWKHGLVNDQGPRXQWHGLWRQPDQXDOODWKHLQRUGHUWR
UHPRYHWKHH[FHVVFRSSHULQWKHVLGHV,WFRXOGQRWWDNHDGYDQWDJHRIWKH&1&
WXUUHWZKHUHLWLVSHUIRUPHGWKHH[SHULPHQWVEHFDXVHLWFRXOGQRWURWDWHEHFDXVH
WKHG\QDPRPHWULFFDEOHSDVVHGSUHFLVHO\DURXQGWKHWXUUHW6RWKHODWHUDOFOHDQLQJ
RIWKHGLVFWRRNXSDORWRIWLPHDQGWKHUHIRUH WKLVRSHUDWLRQZDVGRQHRQO\DW
HYHU\IHHGFKDQJH
ϱϬ
ϱ͘Ϯ͘Ϯ E͛ƐƉƌŽŐƌĂŵƚŽŚĂǀĞƚŚĞĐŽƐƚĂŶƚ ĚŝƐŬƚŚŝĐŬŶĞƐƐŝŶƚŚĞďĞŐŝŶŶŝŶŐ
6REHIRUHVWDUWLQJWKHUHDOH[SHULPHQWDOFDPSDLJQZLWKPPIHHGVDQGWKHWZR
VSHHGVDWPPLQDQGPPLQLWZDVFUHDWHGDSURJUDPE\/DQGHUJKLQLIRU
WKH&1&,WDOORZVWRFOHDQWKHVXUIDFHRIWKHGLVNIURPWKHPDWHULDORQWKHVLGHV
ZLWKRXWGLVDVVHPEOLQJWKHGLVNDQGGRWKLVRQWKHPDQXDOODWKH
7KLVSURJUDPFRQVLVWVRIDPPWXUQLQJUHPRYLQJRQWKHGLDPHWHUZLWKDIHHGRI
PPVRZLWKDQ\JDSWRROVKRHLVVHW,WLVSRVVLEOHRQO\WRKDYHDQRUPDO
RUWKRJRQDOWXUQLQJZLWKRXWH[WUXVLRQDQGLQDGGLWLRQDVRORZIHHGLVVXJJHVWHG
E\PDQXDOVDVWKHEHVWVXUIDFHILQLVKSDUDPHWHU
:KLOHIRUWKHFXWWLQJVSHHGLWZDVFKRVHQPPLQWKLVVSHHGIRUVXUIDFH
ILQLVKLQJLVDOVRUHFRPPHQGHGDVWKHPRVWVXLWDEOHIRUKDYLQJDQH[FHOOHQWVXUIDFH
ILQLVK7KHUHIRUHDIWHUWKHFRPSOHWLRQRIWKHH[WUXVLRQFXWWLQJRSHUDWLRQWKHGDWD
DFTXLVLWLRQE\WKHG\QDPRPHWHUZDVVWRSSHGDQGLWZDVSRVVLEOHWRRSHQWKH
0D]XFN
VVDIHW\ZLQGRZWRH[WUDFWWKHH[WUXGHGFKLSZLWKSOLHUVEHLQJFDUHIXOWR
WKHYHU\KLJKWHPSHUDWXUHRILW)LQDOO\LWZDVSRVVLEOHWRFORVHWKHVDIHW\ZLQGRZ
DQGVWDUWWKHVHFRQGSDUWRIWKHSURJUDPWKDWSURYLGHVIRUWKHHOLPLQDWLRQRIWKH
ODWHUDOPDWHULDO7KXVDWHDFKVWDUWWKHUHZDVDGLVNRIDOPRVWFRQVWDQWWKLFNQHVV
IRUHDFKUXQ
7KLVZDVKRZZHSURFHHGHGIHHGVHWWRPPDQGWZRUXQVIRUHDFKRIWKH
FXWWLQJVSHHGVIRUHDFKODPEGD
:LWKFRSSHUDIWHUWKHH[SHULHQFHRIEUDVVLWZDVSUHIHUUHGWRFKRRVHODPEGDD
OLWWOHPRUHVSDUVHWKDQZLWKEUDVV7KHUHDVRQZK\ZDVWKHUHZDVDQXQFHUWDLQW\LQ
WKHKXQGUHGWKVPLOOLPHWUHRIWKHJDS,WZDVGLIILFXOWIRUWKHRSHUDWRUWRILQGDOOWKH
QHFHVVDU\WKLFNQHVVJDXJHV,QDQ\FDVHWKHH[WUXGHGFKLSPHDVXUHPHQWKDG
DOZD\VDQXQFHUWDLQW\RIDIHZKXQGUHGWKVRIPLOOLPHWUHVRIWKLFNQHVV7KHUHIRUH
LWZDVXVHOHVVWRWU\WRJHWDQGWKHQWRSORWXQFHUWDLQSRLQWV
ϱϭ
ϱ͘ϯ ŚŝƉĐŽůůĞĐƚŝŽŶĂŶĚĐĂƚĂůŽŐƵŝŶŐ
(DFKFKLSZDVWDNHQE\WKHRSHUDWRUZLWKSOLHUVEHFDXVHRIWKHKLJKWHPSHUDWXUH
UHDFKHGWKH\ZHUHSODFHGRQDZRRGHQZRUNWDEOHIRUD IHZPLQXWHVWRFRROGRZQ
XQWLOLWZDVSRVVLEOHWRKDQGOHWKHPPDQXDOO\(DFKFKLSZDVLQVHUWHGLQDSODVWLF
EDJRQZKLFKWKHWHVWQXPEHUZDVSUHYLRXVO\ZULWWHQLQRUGHUWRLGHQWLI\WKHP,W
ZDVDOVRZULWWHQWKHQRPLQDOODPEGDWKHJDSWKHLQLWLDOGLDPHWHURIWKHGLVFWKH
ILQDOGLDPHWHU0RUHRYHULWZDVDOVRLQGLFDWHGLIWKHFKLSGXULQJWKHH[WUXVLRQ
PDGHDVWUDQJHQRLVHEHFDXVHLQWKHFDVHWKDWLQWKHSRVWSURFHVVLQJWKHJUDSKRI
WKHIRUFHVKDGEHHQQRWXQLIRUPLWFRXOGKDYHEHHQGXHWRWKLV QRLVHRU DQ\RWKHU
SDUDPHWHUV
ϱ͘ϰ dŽŽůǁĞĂƌĂŶĚďƵŝůĚͲƵƉĞĨĨĞĐƚ
$YLVXDOH[DPLQDWLRQRIWKHFXWWLQJHGJHRIWKHWRRODWWKHHQGRIWKHH[SHULPHQW
GD\ )LJ UHYHDOVWKDWWKHWRROKDVQRYLVLEOHVLJQRIZHDUDQGQRDFFXPXODWLRQ
RIPDWHULDOQHLWKHURQWKHWRROQRURQWKHVKRH
&ŝŐƵƌĞϯϴ͗ůĞĂŶĞĚƚŽŽůĂĨƚĞƌĂůŽƚŽĨƌƵŶƐŽĨĞǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐ
$PRUHDFFXUDWHDQDO\VLVZDVXQGHUWDNHQLQVSHFWLQJWKHFXWWLQJHGJHZLWKWKH
KHOSRIDQRSWLFDOPLFURVFRSH
7KLVVWUDWHJ\GLGQ¶WJLYHDQ\JRRGUHVXOWVEHFDXVHWKH+66WRROVDUHYHU\VKLQ\
DQGDPLFURVFRSHWKDWXVHVOLJKWWRGHILQHWKHLPDJHKDVSUREOHPVPRVWO\WR
DQDO\VHWKHUDNHDQJOHWKDWLVREYLRXVO\LQFOLQHGVLQFHLWLVIRUPHGE\WKH
LQWHUVHFWLRQRIWKHUDNHDQJOHDQGE\WKHFOHDUDQFHDQJOH
ϱϮ
ϱ͘ϱ ŚŝƉƐĚŝŵĞŶƐŝŽŶĂŶĂůǇƐŝƐ
7KHFKLSVDUHPWRPORQJGHSHQGLQJRQWKHVL]HRIWKHGLVNUHDFKHGZKHQWKH\
ZHUHH[WUXGHGDQGWKHODPEGDXVHGIRUWKDWWHVW
݈݄݁݊݃ݐ௖௛௜௣ ൌ 'āʌā
஽ିௗ
௛ ൉ ஛
;ϱ͘ϮͿ
:KHUH
' LQLWLDOGLDPHWHU
G ILQDOGLDPHWHU
K IHHG
ɉ  FKLSFRPSUHVLRQ
%HIRUHWKHPHDVXUHPHQWWKHFDOOLSHUZDVWHVWHG IRUELDVZLWKDJDXJHEORFNRI
PPWKLFNQHVVZKHUHQRELDVZDVGHWHUPLQHG7KHPHDVXUHPHQWVZHUHWDNHQLQD
URRPZLWKWHPSHUDWXUHVUDQJLQJIURPWR&HOVLXVGHJUHHVGXULQJWKH
PHDVXULQJVHVVLRQ
(DFKFKLSKDVPLQLPDOYDULDWLRQVLQWKLFNQHVVDQGZLGWKLQLWVOHQJWK )LJ
&ŝŐƵƌĞϯϵ͗dŚŝƐĨŝŐƵƌĞƐŚŽǁǁŚĂƚŝƐŵĞĂŶƚĨŽƌƚŚŝĐŬŶĞƐƐĂŶĚǁŝĚƚŚ͘
ϱϯ
ZLWK WKHPHDVXUHPHQWRIFKLSWKLFNQHVVLWLVSRVVLEOHWRVHHLIWKHSURFHVVLVVWDEOH
RULIWKHUHDUHDQ\YDULDWLRQVGXHWRWKHRSHQLQJRUFORVLQJRIWKHJDSWRROVKRH
GXULQJWKHSURFHVV
0RUHRYHULWLVRIIXQGDPHQWDOLPSRUWDQFHWKHZLGWKPHDVXUHPHQW
7KHDLPRIH[SHULPHQWLVWRVHHLIWKHH[WUXVLRQSUHVVXUHFKLSFRPSUHVVLRQFXUYH
KDVRUQRWDPLQLPXPLQFRUUHVSRQGLQJODPEGDIRUWKHEUDVV)RUWKLVUHDVRQ
LWLVYHU\LPSRUWDQWWRREWDLQWKHUHDODQGDYHUDJHH[WUXGHUSUHVVXUHRIWKHFKLS
7RREWDLQWKHH[WUXVLRQSUHVVXUHRIWKHFKLSLWZDVXVHGWKHFXWWLQJIRUFHREWDLQHG
E\SORWWLQJWKHG\QDPRPHWHUGDWDGLYLGHGE\WKHDUHDRIWKHFKLSZKLFKEHLQJ
UHFWDQJXODULVREWDLQHGE\PXOWLSO\LQJZLGWKE\WKLFNQHVV7KHWKLFNQHVVLV
FRQVWDQWIL[HGDWPPEHFDXVHLWLVWKHIHHGZKLOHWKHZLGWKYDULHVVOLJKWO\
EHFDXVHWKHGLVNWHQGVWRZLGHQHYHQZLWKWKHEUDVVDOWKRXJKRQO\DIHZ
KXQGUHGWKVRIDPLOOLPHWUHEXWLQDQ\FDVHWKLVLQIOXHQFHVWKHFDOFXODWLRQRIWKH
SUHVVXUH
ϱ͘ϱ͘ϭ ŚŝƉĂƌĞĂ
7RGHULYHWKHDUHDLWZDV WDNHQWKHFKLSVDQGLWZDVLGHQWLILHGZKHUHWKHDFWXDO
H[WUXVLRQSURFHVVEHJDQDQGZKHUHLWHQGHG7KLVLVWKHLQWURGXFWLRQDQGH[LWDUHD
RIWKHWRRORQWKHGLVNDQGLWZDVGLYLGHGLQWRWKUHHSDUWVEHJLQQLQJFHQWUHDQG
HQGIRUHDFKRIWKHVHSRLQWVWKLFNQHVVDQGZLGWKKDYHEHHQREWDLQHG
%XWWKHUHZDVWKHSUREOHPWKDWWKHFKLSZDVFXUYHG)LJDQGLILWZDVQRW
PHDVXUHGDFRPSOHWHO\IODWDUHDWKHPHDVXUHPHQWFRXOGEHZURQJHYHQPRUHWKH
ZLGWKEHFDXVHZLWKWKHFDOLEUHLWZDVWRWDNHWKHVLGHVLQDSHUIHFWO\SHUSHQGLFXODU
ZD\WRKDYHWKHULJKWPHDVXUHV )LJ
&ŝŐƵƌĞϰϬ͗dŝƉŝĐĂůĐŚŝƉƐŚĂƉĞ͘
ϱϰ
,QHDFKSRLQWPHDVXUHPHQWVZHUHWDNHQDWDGLVWDQFHRIDIHZPLOOLPHWUHVLQ
RUGHUWRVHHZKLFKZDVWKHPRVWFRUUHFWPHDVXUHDQGLIWKLVPHDVXUHZDVWKHRQH
UHSRUWHGIRUGDWDDQDO\VLV
&ŝŐƵƌĞϰϭ͗tŚĞƌĞĂƌĂŶĚŽŵƵŶĐĞƌƚĂŝŶƚǇŽĨƚŚĞŵĞĂƐƵƌĞĐŽŵĞƐĨƌŽŵ͕ĐĂůůŝƉĞƌĂŶĚĐŚŝƉ͘
ϱ͘ϲ &ŽƌĐĞĂŶĂůǇƐŝƐ
7KHGDWDDFTXLVLWLRQSURJUDP/$%9,(:ZDVVHWWRZRUNZLWKDGDWD
DFTXLVLWLRQIUHTXHQF\RIN+]RQFKDQQHOVRQHIRUWKHFXWWLQJIRUFHRQHIRU
WKH]IRUFHDQGRQHIRUWKHWKUXVWIRUFH
7KHGDWDLVLQOYPIRUPDWDQGLWKDVEHHQDQDO\]HGZLWKWKH0LFURVRIW([FHO
SURJUDP2QFHRSHQHGLWZDVLPPHGLDWHO\QRWLFHGWKDWWKH\ZHUHDOOQHJDWLYHVR
LWZDVQHFHVVDU\WRWUDQVIRUPWKHVHGDWDLQWRDQDEVROXWHYDOXH7KLVRSHUDWLRQLV
FHUWDLQO\QRWHDV\EHFDXVHLWLVDERXWDPLOOLRQOLQHVE\FROXPQVWKHIRXUWK
FROXPQLVWLPHDTXDQWLW\RIVXFKGDWDLVKHDY\HQRXJKWREHSURFHVVHGZLWKH[FHO
DQGWKHSUREOHPFDQQRWFUDVKWKHSURJUDP7KHVROXWLRQLVWRSORWRQO\WKHWLPH
DQGFXWWLQJIRUFHFROXPQZKLFKLVZKDWLVQHHGHGWR JHWWKHSUHVVXUH7KHUHIRUHLW
ZDVVHHQZKLFKSDUWRIWKHGDWDLVLQWHUHVWHGIRURXUWHVWDQGDOOWKHOLQHVWKDWDUH
QRWQHHGHGZHUHUHPRYHG,QWKLVZD\WKHUHPDLQLQJGDWDKDYHEHHQWDNHQLQ
DEVROXWHYDOXHDQGSORWWHG7KHFXWWLQJIRUFHSDUWZDVDOVRGLYLGHGLQWRSDUWV
EHJLQQLQJLQWKHPLGGOHDQGHQGLQJDQGWKHIRUFHZDVUHDGLQWKHVHWKUHHSRLQWVWR
EHDEOHWRGLYLGHLWE\WKHDUHDFRUUHVSRQGLQJWRWKRVHSRLQWV7KLVZDVGRQHIRU
ϱϱ
DOOWKHFKLSVDQGWZRGLIIHUHQW([FHOZRUNVKHHWVZHUHFUHDWHGRQHIRUWKHFXWWLQJ
VSHHGRIPPLQDQGRQHIRUWKHFXWWLQJVSHHGRIPPLQ7KHQSUHVVXUHV
SHUFKLSZHUHFDOFXODWHGDQGWKHDYHUDJHRI WKHVHSUHVVXUHVZDVPDGH
dĂďůĞϲ͗>ĞŐĞŶĚĐŚĂƌƚ
ϱϲ
dĂďůĞϳ͗ZĞƐƵůƚƐĨŝƌƐƚĞǆƉĞƌŝŵĞŶƚĂůĐĂŵƉĂŝŐŶďƌĂƐƐ͕ĐƵƚƚŝŶŐƐƉĞĞĚϴϬŵͬŵŝŶ͘
ϱϳ
dĂďůĞϴ͗ZĞƐƵůƚƐĨŝƌƐƚĞǆƉĞƌŝŵĞŶƚĂůĐĂŵƉĂŝŐŶďƌĂƐƐ͕ĐƵƚƚŝŶŐƐƉĞĞĚϭϬϬŵͬŵŝŶ͘
ϱϴ
ϱ͘ϳ >ĂŵďĚĂĂĐƵĂůǀƐŶŽŵŝŶĂů
7KHWUXHODPEGDYDOXHRIHDFKWHVWZDVGHULYHGIURPWKHDYHUDJHRIWKUHHFKLS
WKLFNQHVVPHDVXUHPHQWVDVWKHH[WUXGHGFKLSWKLFNQHVVFRUUHVSRQGVWRWKHUHDO
VKRHWRROJDS.QRZLQJWKHIHHGLWLVSRVVLEOHWRJHWWKHWUXHODPEGDXVHGWR
FDOFXODWHWKHIORZVWUHVVZLWKWKHXSSHUERXQGWKHRU\RQZKLFKH[WUXVLRQFXWWLQJLV
EDVHG
ϱ͘ϴ ŶĂůǇƐŝƐŽĨďƌĂƐƐƌĞƐƵůƚƐ
&ŝŐƵƌĞϰϮ͗ǆƚƌƵƐŝŽŶƉƌĞƐƐƵƌĞǀƐůĂŵďĚĂĨŽƌďƌĂƐƐĐƵƚƚŝŶŐƐƉĞĞĚϴϬŵͬŵŝŶ͘
ϱϵ
&ŝŐƵƌĞϰϯ͗ǆƚƌƵƐŝŽŶƉƌĞƐƐƵƌĞǀƐůĂŵďĚĂĨŽƌďƌĂƐƐĐƵƚƚŝŶŐƐƉĞĞĚϭϬϬŵͬŵŝŶ
7KHUHVXOWVREWDLQHGLQWKHILUVWH[SHULPHQWDOFDPSDLJQRQEUDVV)LJ)LJ
ZHUHQRWDVGHVLUHGDVWKHSRLQWRIPLQLPXPSUHVVXUHLVDWODPEGDHTXDOWR
DQG:KHUHDVWRUHVSHFWWKHWKHRU\RIH[WUXVLRQFXWWLQJLWVKRXOGKDYHEHHQ
UHDFKHGWKLVSUHVVXUHLQFRUUHVSRQGHQFHZLWKODPEGDHTXDOWRDQGWKLVLV
YDOLGIRUERWKFXWWLQJVSHHGVDQGPPLQ
)URPWKHJUDSKVLWLVSRVVLEOHWRVHHWKDWWKHH[SHULPHQWDOSRLQWVDUHYHU\
VFDWWHUHG
+RZHYHULWLVWRQRWHWKDWWKHWUHQGFXUYHRIWKHSRLQWVLVDVHFRQGGHJUHH
SRO\QRPLDODSDUDERODDQGWKLVLVFRPSDUDEOHZLWKWKHWKHRUHWLFDOFXUYHRI
H[WUXVLRQFXWWLQJ7KLVZDVVKRZQLQWKHILJXUHZKLFKKDVWKHPLQLPXPSRLQWLQ
ODPEGDFRUUHVSRQGHQFHDQGWKHVHWZRFXUYHVORRNVLPLODUHYHQLIWKHWUHQG
FXUYHKDVQRWWKHPLQLPXPDW
ϱ͘ϵ /ŶĨůƵĞŶĐĞĐƵƚƚŝŶŐƐƉĞĞĚ
7KHGDWDREWDLQHGHYHQLIWKH\GRQRWKDYHDPLQLPXPRIH[WUXVLRQSUHVVXUHIRU
ODPEGDDUHQRWFRPSOHWHO\WREHFRQVLGHUHGXVHOHVVEHFDXVHRYHUODSSLQJWKH
JUDSKVREWDLQHGZLWKFXWWLQJVSHHGRIPPLQDQGPPLQWKHSRLQWVPL[YHU\
ϲϬ
ZHOO7KLVPHDQVWKDWFXWWLQJVSHHGGRHVQRWDIIHFWWKHSURFHVVDQGWKLVLVDJRRG
WKLQJEHFDXVHLWDOORZVXVWRHOLPLQDWHRQHRIWKHPDQ\YDULDEOHV
&ŝŐƵƌĞϰϰ͗KǀĞƌůĂƉƉŝŶŐƚŚĞŐƌĂƉŚƐŽďƚĂŝŶĞĚǁŝƚŚĐƵƚƚŝŶŐƐƉĞĞĚŽĨϴϬŵͬŵŝŶĂŶĚ
ϭϬϬŵͬŵŝŶĐŽŵƉĂƌĞĚǁŝƚŚƚŚĞŽƌĞƚŝĐĂůĐƵƌǀĞ
ϱ͘ϭϬ WƌŽďůĞŵƐŝŶƚŚĞĨŝƌƐƚƚĞƐƚƐŽŶďƌĂƐƐ
7KHFUXFLDOSUREOHPLVWKDWWKHSRLQWRIOHDVWSUHVVXUHLVLQFRUUHVSRQGHQFHZLWK
ODPEGDDQGWKDWLVIDUIURPUHIOHFWLQJWKHWKHRU\ZKLFKVKRXOGEHDW
7KHG\QDPRPHWHUJUDSKVDUHOLQHDUDQGFOHDU 7DEOHEXWWKH\KDYHYHU\KLJK
XQFHUWDLQW\,QDGGLWLRQZLWKYHU\QDUURZODPEGDZKLFKLVIURPWRWKH
JUDSKVKDYHDEHOOVKDSHLQWKHVHQVHWKDWWKHFXWWLQJIRUFHJURZVDQGWKHQ
GHFUHDVHVZLWKRXWHYHUILQGLQJSURFHVVVWDELOLW\
ϲϭ
dĂďůĞϵ͗ǇŶĂŵŽŵĞƚĞƌŐƌĂƉŚƐƐŚĂƉĞĨŽƌďƌĂƐƐ͘
:LWKWKHILUVWH[SHULPHQWDOFDPSDLJQRQEUDVVLWLVVHHQWKDWWKHSURFHVVLVVWLOO
QRWVWDEOHDQGUREXVWDQGLWKDVWREHIRXQGVROXWLRQVWRWKHSUREOHP
3RLQWRIPLQLPXPSUHVVXUHQRWDW
7KHJUDSKLFVRIWKHFXWWLQJIRUFHDUHQRWDOOOLQHDUFOHDUDQGVWDEOH
ϲϮ
ϱ͘ϭϭ ŚŝƉĂŶĂůǇƐŝƐĐŽƉƉĞƌ
7KHFRSSHUWHVWVZHUHSHUIRUPHGDWPPLQDQGPPLQ
6WDUWLQJZLWKWKHWKLFNQHVVDQDO\VLVLW ZDVQRWHGWKDWWKHUHLVDJRRGDJUHHPHQW
EHWZHHQWKHLPSRVHGJDSDQGWKHPHDVXUHGFKLSWKLFNQHVVH[FHSWIRUYHU\VPDOO
JDSVZKHUHWKHUHLVDGHYLDWLRQEHWZHHQWKHLPSRVHGDQGWKHUHDOJDSSHUKDSV
GXHWRWKHKLJKSUHVVXUHWKDWLVIRUPHGLQVPDOOODPEGD
'HVSLWHWKHFKDQJHVPDGHWRWKHFXWWLQJSDUDPHWHUVWRVROYHWKHSUREOHPRI
ZLGHQLQJVXFKDVWKHLQFUHDVHRIWKHUDNHDQJOHDQGRIWKHFXWWLQJVSHHGWKDWKDYH
EHHQLQFUHDVHGFRPSDUHGWRWKHSUHYLRXVH[SHULPHQWVWKHZRUNSLHFHZLGHQHGD
ORWDWWKHHQGRIWKHUXQ
7KHZLGHQLQJFUHDWHVDFRQVLGHUDEOHGLIILFXOW\LQRUGHUWRDFKLHYHDVWDEOHSURFHVV
DQGHYHQPRUHWRFDOFXODWHWKHH[DFWDUHDRIH[WUXVLRQDQGHYHQPRUHWRKDYHD
JUDSKRIOLQHDUIRUFHV
dĂďůĞϭϬ͗ŚŝƉͲƐŝǌĞĂŶĂůǇƐŝƐ͕ŚŝŐŚůŝŐŚƚĞĚďǇƚŚĞĂǀĞƌĂŐĞŽĨĐŚŝƉΖƐǁŝĚĞ͕ĞǀĞƌǇƌƵŶǁĂƐ
ƐƚĂƌƚĂƚϯŵŵŽĨǁŽƌŬƉŝĞĐĞΖƐǁŝĚƚŚ͘
ϲϯ
ϱ͘ϭϮ &ŽƌĐĞĂŶĂůŝǇƐŝƐĐŽƉƉĞƌ
7KHJUDSKRIWKHIRUFHVLVQRWOLQHDUEXWKDVDJURZLQJWUHQGFHUWDLQO\GXHWRWKH
SURJUHVVLRQRIWKHZLGWKRIWKHZRUNSLHFHZKLFKLQFUHDVHVWKHH[WUXVLRQIRUFH E\
LQFUHDVLQJWKHH[WUXVLRQDUHD
&ŝŐƵƌĞϰϱ͗ŽƉƉĞƌĨŽƌĐĞŐƌĂƉŚ͕ĞǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐ͕ůĂŵďĚĂϭ͘ϲ͕ ĐƵƚƚŝŶŐƐƉĞĞĚϭϮϬŵͬŵŝŶ͘
7KLVLVDFODVVLFH[DPSOHRIDFXWWLQJIRUFHFKDUWWKDWZDVUHFRUGHGLQH[SHULPHQWV
ZLWKFRSSHU)LJ
)RUGDWDDQDO\VLVDVIRUEUDVVWKHUHZHUHGLIIHUHQWSRLQWVLQZKLFKWKH
PHDVXUHPHQWVRIWKLFNQHVVZLGWKDQGIRUFHVZHUHWDNHQWRWU\WREULQJWKHDUHDRI
H[WUXVLRQZLWKWKHFRUUHVSRQGLQJFXWWLQJIRUFHJRLQJOLQHDUO\LQFUHDVLQJERWK
7KHUHVXOWVREWDLQHGZDVYHU\EDGDVWKHHUURULQWKHDFTXLVLWLRQRIIRUFHGXHWR
ZLGHQLQJLVWRRJUHDWDVFDQEHVHHQLQWKH)LJLQDUXQRIVHFRQGVRI
H[WUXVLRQ7KHIRUFHLQFUHDVHVIURP1WRVWDUWRIH[WUXVLRQDW1RIHQGRI
H[WUXVLRQZLWKDQLQFUHDVHLQWKLVFDVHRIRIWKHIRUFHUHTXLUHGIRU
H[WUXVLRQ,WFDQEHVHHQWKDWWKHUHLVDWRRODUJHLQKRPRJHQHLW\ZKLFKDOVRDIIHFWV
WKHH[WUXVLRQSUHVVXUHODPEGDJUDSK
ϲϰ
&ŝŐƵƌĞϰϲ͗ŽƉƉĞƌ͕ǆƚƌƵƐŝŽŶƉƌĞƐƐƵƌĞʹ ĐƚƵĂůůĂŵďĚĂ͕ĐƵƚƚŝŶŐƐƉĞĞĚϭϬϬŵͬŵŝŶ
&ŝŐƵƌĞϰϳ͗ŽƉƉĞƌ͕ǆƚƌƵƐŝŽŶƉƌĞƐƐƵƌĞʹ ĐƚƵĂůůĂŵďĚĂ͕ĐƵƚƚŝŶŐƐƉĞĞĚϭϮϬŵͬŵŝŶ
ϲϱ
ϱ͘ϭϯ ŝƐĐƵƐƐŝŽŶŽĨĐŽƉƉĞƌƌĞƐƵůƚƐ
,WLVSRVVLEOHWRVHHWKHUHVXOWVRIWKHWZRWHVWVHULHVLQZKLFKWKHSRLQWVDUHYHU\
VFDWWHUHG
6WXG\LQJWKHWUHQGFXUYHRIWKHH[SHULPHQWDOGDWDDWPPLQ)LJLWLV
SRVVLEOHWRVHHDOVRWKDWWKHILWWLQJLVE\DVHFRQGGHJUHHSRO\QRPLDOFXUYHD
SDUDERODH[DFWO\DVWKHWKHRU\RIH[WUXVLRQFXWWLQJZDQWVKDYLQJWKHPLQLPXP
SRLQWDWODPEGD7KLVYDOXHLVLQDFFRUGDQFHZLWKWKHYDOXHREWDLQHGIURP'H
&KLIIUHDQG6HJDOLQD>@)LJZKLFKIRXQGDPLQLPXPDWODPEGD
&ŝŐƵƌĞϰϴ͗ŽƉƉĞƌ͛ƐƌĞƐƵůƚƐ΀ϱ΁
7KHJUDSKRIWKHGDWDREWDLQHGDWPPLQ)LJFDQQRWEHWDNHQLQWR
FRQVLGHUDWLRQEHFDXVHWKHGDWDDUHWRRIHZDQGVFDWWHUHGERWKEHFDXVHRIWKH
JUDSKVRIWKHIRUFHVDQGEHFDXVHRIWKHRSHQLQJRIWKHVKRH
$VIRUEUDVVLWLVHDV\WRVHHWKDWWKHUHLVQRGLIIHUHQFHLQWKHUHVXOWLQWHUPVRI
H[WUXVLRQSUHVVXUHZKHQWKHFXWWLQJVSHHGFKDQJHVLQIDFWKHUHDUHIRXQGWKHGDWD
SORWWHGLQDVLQJOHJUDSKZKLFKPL[HVSHUIHFWO\
ϲϲ
&ŝŐƵƌĞϰϵ͗ŽƉƉĞƌ͕ǆƚƌƵƐŝŽŶƉƌĞƐƐƵƌĞʹ ĐƚƵĂůůĂŵďĚĂ͕ĐƵƚƚŝŶŐƐƉĞĞĚϭϮϬŵͬŵŝŶĂŶĚ
ϭϬϬŵͬŵŝŶ
&ŝŐƵƌĞϱϬ͗ŽƉƉĞƌ͕D/yd͕ǆƚƌƵƐŝŽŶƉƌĞƐƐƵƌĞʹ ĐƚƵĂůůĂŵďĚĂ͕ĐƵƚƚŝŶŐƐƉĞĞĚ
ϭϮϬŵͬŵŝŶĂŶĚϭϬϬŵͬŵŝŶ͘
$QDO\VLQJDOOWKHGDWDREWDLQHGRQFRSSHU)LJ)LJLHERWKDWPPLQ
DQGDWPPLQLWLVSRVVLEOHWRQRWHWKDWDILWWLQJVHFRQGGHJUHHFXUYHLVDOZD\V
ϲϳ
SUHVHQWZLWKDPLQLPXPDWODPEGDFRQILUPLQJLQSDUWWKHYDOLGLW\RIH[WUXVLRQ
FXWWLQJ
ϱ͘ϭϰ ŽƉƉĞƌĐŽŶĐůƵƐŝŽŶƐ
,QWKLVWKHVLVZLWKWKHFKDQJHVPDGHWRWKHH[WUXVLRQFXWWLQJSURFHVVRSHUDWLQJ
ZLWKFRSSHUVXFKDVWKHLQFUHDVHLQUDNHDQJOHDQGLQFXWWLQJVSHHGLWZDVQRW
UHDFKHGWKHH[SHFWHGUHVXOWVEHFDXVHWKHZRUNSLHFHFRQWLQXHGWRH[SDQG
SUHYHQWLQJWKHVWDELOLW\RIWKHSURFHVV
3HUKDSVWKHFDXVHRIWKLVSUREOHPLVWKHKLJKWKHUPDOVRIWHQLQJWKDWFRSSHU
XQGHUJRHV$JHQHUDODQDO\VLVRIWKHWHPSHUDWXUHLQWKHH[WUXVLRQFXWWLQJSURFHVV
LVGHVFULEHGEHORZ$QRWKHUFDXVHFDQEHWKHWKHRU\RIWKHXSSHUERXQGZLWKD
PDWHULDOVXFKDVFRSSHUZKLFKLVQRWHQWLUHO\YDOLG
ϲϴ
ϱ͘ϭϱ ůƵŵŝŶŝƵŵƚĞƐƚ
,QWKHIHZKRXUVOHIWDYDLODEOHWRWKHRSHUDWRUDQGWKHPDFKLQHWRROLWZDVWHVWHG
WKHH[WUXVLRQFXWWLQJZLWKDOXPLQLXP
,WZDVWHVWHGWRROVZLWKUDNHDQJOHVRIDQGGLIIHUHQWIHHGYDOXHVDQG
GLIIHUHQWFXWWLQJVSHHGVQRFRPELQDWLRQOHGWRWKHIRUPDWLRQRIDFKLSH[WUXGHG
IURPDVWDEOHSURFHVV$VVRRQDVWKHH[WUXVLRQEHJDQWKHZRUNSLHFH GHVWUR\HG
LWVHOIE\H[SDQGLQJLQDQH[DJJHUDWHGPDQQHU)LJ
&ŝŐƵƌĞϱϭ͗ůƵŵŝŶŝƵŵǁŽƌŬƉŝĞĐĞĚĞƐƚƌŽǇĞĚ
7KHFRQFOXVLRQLVWKDWWKHH[WUXVLRQFXWWLQJSURFHVVLVFXUUHQWO\QRWDSSOLFDEOHWR
DOXPLQLXP
ϲϵ
&KDSWHU
6HFRQGH[SHULPHQWDOWHVWFDPSDLJQ
,QWKLVFKDSWHU LWZLOOEHGLVFXVVHGWKHVHFRQGFDPSDLJQZKLFKZDVFDUULHGRXW
DERXWRQHPRQWKDIWHUWKHILUVWRQHWKHUHIRUHWKHUHZDVWLPHWRVHHWKHUHVXOWVRI
WKHILUVWFDPSDLJQDQGWRVWXG\SRVVLEOHVROXWLRQVWRWKHSUREOHPV7KLVFDPSDLJQ
LVIRFXVHGRQO\RQEUDVV )LJ DQGDVZLWKFRSSHUWKHVROXWLRQVDGRSWHGLQWKH
ILUVWFDPSDLJQWRDYRLGWKHZLGHQLQJKDYHQRW\LHOGHGWKHGHVLUHGUHVXOWV
&ŝŐƵƌĞϱϮ͗WŚŽƚŽŽĨƚŚĞƐĞĐŽŶĚďƌĂƐƐĐĂŵƉĂŝŐŶ͘
ϲ͘ϭ WŽƐƐŝďůĞƐŽůƵƚŝŽŶƐĨŽƌƚŚĞŶĞǁďƌĂƐƐĞǆƉĞƌŝŵĞŶƚĂůĐĂŵƉĂŝŐŶ
$SRVVLEOHVROXWLRQFRXOGEHWRH[WUXGHWKHPDWHULDOIRUDORQJHUWLPHLQRUGHUWR
KDYHDPXFKIODWWHUDQGORQJHUJUDSKRIWKHIRUFHV
$QRWKHUVROXWLRQZDVWRSUHFHGHWKHDFWXDOH[WUXVLRQE\DQDFFRPSDQLPHQWRID
FXWZLWKDIHHGRIPPIRUVHFRQGVLQRUGHUWRVWDELOL]HWKHSURFHVVDQGQRW
KDYHDVWURQJDQGLPSXOVLYHLQVHUWLRQRIVKRHH[WUXVLRQ
)RUWKHVHFRQGH[SHULPHQWDOFDPSDLJQLWZDVDOVRWKRXJKWWRHOLPLQDWHWKH
SUREOHPRIWKHGDWDZHLJKWRIWKHG\QDPRPHWHUILOHZKLFKDVPHQWLRQHGDERYH
FDXVHGSUREOHPVZLWK([FHO7KHUHIRUHWKH])RUFHFKDQQHOZDVHOLPLQDWHGDQG
ϳϬ
WKHDFTXLVLWLRQVSHHGZDVGHFUHDVHGIURPWKHSUHYLRXVN+]WRN+]LQRUGHUWR
UHGXFHWKHQXPEHURIGDWDWREHSORWWHG+RZHYHUWKHUHDUHDOUHDG\VRPDQ\N+]
EHFDXVHLWPHDQVWKDWDVLJQDOZDV UHFRUGHGHYHU\VHFRQGV
:LWKWKHQHZWHVWVHULHVWKHODWKHZDVQRSURJUDPPHGIRUWKHH[WUXVLRQRQWKH
PPUHPRYHGRQWKHGLVNGLDPHWHUEXWRQWKHWLPHRIH[WUXVLRQLQRUGHUWRKDYHDQ
H[WUXVLRQIRUHDFKUXQRIVHFRQGVDQGDILUVWPRPHQWRIWXUQLQJH[WUXVLRQDV
DFFRPSDQLPHQWIRUVHFRQGVZLWKPPRIIHHGV
7KLVLVSRVVLEOHZLWKDQ([FHOZRUNVKHHW 7DE LQZKLFKLWLVQHHGHG WRNQRZ
WKHFXWWLQJVSHHGWKDWZLOOEHFRQVWDQWIRUWKHH[SHULPHQWDWPPLQDQGWKH
LQLWLDOGLDPHWHURIWKHZRUNSLHFH:LWKWKLVLWLVSRVVLEOHWRREWDLQWKHVSHHGRI
URWDWLRQNQRZLQJWKHGLDPHWHUDQGZKDWZLOOEHWKHILQDOGLDPHWHUNQRZLQJWKH
VSHHGDQGWKHFRQVWDQWIHHGHTXDOWRPP%HORZLWLVDWWDFKHGDQH[DPSOH
H[FHOZRUNVKHHWWKDWZDVXVHG
dĂďůĞϭϭ͗ǆĐĞůǁŽƌŬƐŚĞĞƚŽĨĐƵƚƚŝŶŐƚŝŵĞĂŶĚĐƵƚƚŝŶŐƐƉĞĞĚ͘
'XULQJWKHVHFRQGH[SHULPHQWDOFDPSDLJQLWZDVDOVRGHFLGHGWRSHUIRUPD
UHSHDWDELOLW\WHVWZKLFKZDVJRLQJWRSHUIRUPWHVWVLQUHSHWLWLRQZLWKWKHVDPH
ODPEGDYDOXH7KLVYDOXHZDVVHWDWEHFDXVHWKHRUHWLFDOO\LWVKRXOGKDYHEHHQ
WKHSRLQWRIPLQLPXPSUHVVXUH
ϳϭ
,WZDV FKRVHQODPEGDIURPWRZLWKVWHSVRILQRUGHUWRKDYHDZLGH
VSHFWUXPRIGDWDHTXDOO\GLVWULEXWHG7KHODPEGDZDVFKRVHQRQWKHEDVLVRIWKH
WRROVKRHJDSWKDWZDVJRLQJWRIRUPLQRUGHUWRKDYHWKHJDSHTXDOWRWKHVL]H
XQLWDU\RIWKHWKLFNQHVVJDXJHVDYDLODEOHIURPWKHZRUNVKRS7KLVZDVJRLQJWR
DYRLGFRUUHFWLRQVZLWKRUHYHQWKLFNQHVVJDXJHVRQHRQWKHRWKHUDQGZDV
JRLQJWRUHDFKWKHGHVLUHGJDSPHDVXUHPHQW7KHDLPZDVWRHOLPLQDWHSRVVLEOH
HUURUVPDGHE\RSHUDWRUVUHGXFHXQFHUWDLQW\VLPSOLI\DQGLQFUHDVLQJRSHUDWLRQ
VSHHGWRWKHRSHUDWRU
ϲ͘Ϯ ^ĞƚƚŝŶŐƐĞĐŽŶĚĞǆƉĞƌŝŵĞŶƚĂůƚĞƐƚ
7KHFXWWLQJVSHHGIRUWKHVHFRQGWHVWZDVIL[HGDWPPLQ7KLVZDVFKRVHQ
EHFDXVHIURPWKHILUVWWHVWVLWZDVVHHQWKDWWKHFXWWLQJVSHHGGRHVQRWDIIHFWWKH
H[WUXVLRQSUHVVXUH7KHH[SHULPHQWDOSRLQWVZHUHLQGHHGSHUIHFWO\PL[HG
EHWZHHQWKHPPLQDQGPPLQRIFXWWLQJVSHHGDQGDOVRWKHYLVXDO
DSSHDUDQFHRIWKHFKLSZDVWKHVDPH7KHUHIRUHLWZDVFKRVHQPPLQLQRUGHU
WRSUHVHUYHWKHWRROIURPZHDU
(YHU\WLPHWKDWDQHZGLVNZDVPRXQWHGRQWKHFODPSHGDUXQZDVPDGHZLWKWKH
RSHQVKRHJDSLQRUGHUWRDFKLHYHWKHURXQGQHVVDQGHOLPLQDWHDQ\OREHVWKDW
ZRXOGKDYHLUUHSDUDEO\UXLQHGWKHWHVWKDYLQJSHULRGLFSHDNVDQGYDOOH\V )LJ
ZLWKRXWDFKLHYLQJVWDELOLW\RIWKHSURFHVV
&ŝŐƵƌĞϱϯ͗&ŽƌĐĞŐƌĂƉŚǁŚĞŶĚŽĞƐŶŽƚƉƌŽĐĞĞĚǁŝƚŚƌĞƐƚŽƌŝŶŐƚŚĞƌŽƵŶĚŶĞƐƐŽĨƚŚĞĚŝƐŬ͘
ϳϮ
7KHUHZHUHDORWRI VWHHOGLVNVDYDLODEOHLQYDULRXVVL]HVWRVDQGZLFKWKH
ZRUNSLHFHDQGLQWKLVZD\WKH\ZHUHFKDQJHGVHYHUDOWLPHVLQWRVPDOOGLVNVWR
DYRLGFRQWDFWZLWKWKHH[WUXVLRQFXWWLQJHTXLSPHQW7KHUHIRUHWKHURXQGQHVV
FOHDQLQJRSHUDWLRQKDGWREHGRQHVHYHUDOWLPHVGXULQJWKHWHVWV
$OVRLQWKLVFDPSDLJQHYHU\FKLSSURGXFHGZDVWDNHQE\WKHRSHUDWRUOHIWWRFRRO
DQGFDWDORJXHGLQDSODVWLFEDJZLWK]LSZKHUHKDGEHHQSUHYLRXVO\QRWHGWKHWHVW
QXPEHUWKHODPEGDXVHGDQGWKHJDSWKDWH[WUXGHGWKHFKLS
'XULQJWKHWHVWVWKHUHZHUHQRSUREOHPVRIDQ\NLQGQRWHYHQQRLVHDQG
YLEUDWLRQVRQO\ZLWKYHU\KLJKODPEGDVZDVIRXQGDUROOLQJRIWKHH[WUXGHGFKLS
RQWKHVSLQGOH )LJZLWKWKHFRQVHTXHQWEUHDNLQJRIWKHFKLS7KHVROXWLRQRI
LQVHUWLQJWXUQHGQ\ORQF\OLQGHURQPDQGUHOKDGEHHQK\SRWKHVL]HGWRSUHYHQWWKH
FKLSVIURPUROOLQJXSWKHVSLQGOHEXWLWZDVH[SHULPHQWDOO\VHHQWKDWWKLVEHKDYLRU
GLVDSSHDUHGIRUODPEGDVIURPWRVRZHQRWXVHGDQ\Q\ORQF\OLQGHU
&ŝŐƵƌĞϱϰ͗ZŽůůŝŶŐŽĨƚŚĞĞǆƚƌƵĚĞĚĐŚŝƉ ŽŶƚŚĞƐƉŝŶĚůĞ͘
ϳϯ
ϲ͘ϯ &ŽƌĐĞĂŶĂůǇƐŝƐ
)RUWKHSRVWSURFHVVWKHH[FHOSURJUDPKDVDOZD\VEHHQXVHGEXWZLWKWKHVHFRQG
WHVWLWZDVVHWWKHDFTXLVLWLRQIUHTXHQF\RIWKHG\QDPRPHWHUWRMXVWN+]WKH
SURJUDP,WZDVQRWFUDVKHG DQGDIWHUKDYLQJHOLPLQDWHGWZRFROXPQVWUXHIRUFH
DQG]IRUFHWKHZRUNZDVYHU\IDVW
,QHDFKJUDSKDQDGMXVWPHQWZRUNKDVEHHQGRQHRQWKHD[HVVRDVWRGLVSOD\
RQO\WKHLQWHUHVWHGSDUWDIWHUKDYLQJLGHQWLILHGWKHSDUWRIWUXHH[WUXVLRQ )LJ
&ŝŐƵƌĞϱϱ͗dǇƉŝĐĂůŐƌĂƉŚŽĨĨŽƌĐĞƐĂĐƋƵŝƌĞĚŝŶƚŚĞƐĞĐŽŶĚĞǆƉĞƌŝŵĞŶƚĂůĐĂŵƉĂŝŐŶŽŶ
ďƌĂƐƐǁŝƚŚǁŝŶĚŽǁƐƉĂŶ͘
,QIDFWWKHILUVWSDUWWKDWFDQEHQRWLFHGLVWKHSODWRH ZKHUHZHKDYHWKH
FXWWLQJH[WUXVLRQZLWKWKHIHHGPPDQGWKLVSDUWLQQRWLQWHUHVWHGIRUWKLVVWXG\
,QVWHDGWKHVHFRQGSDUWLVDERXWWKHUHDOH[WUXVLRQZKHUHWKHFXWWLQJIRUFHKDV
EHHQH[WUDFWHG7RGRWKLVWKHOLQHVRIGDWDGHVFULELQJWKHDFWXDOH[WUXVLRQKDYH
EHHQLGHQWLILHGLQWKHJUDSKLQZLQGRZVSDPOLQHVDWWKHEHJLQQLQJDQG
DWWKHHQGZHUHHOLPLQDWHGFRQVLGHULQJWKHPDVPDUJLQZKLFKDUHHTXLYDOHQW
WRDERXWSHUFHQWRIDOOWKHOLQHVRIWKHWUXHH[WUXVLRQ7KLVLVEHFDXVHWKH
PDWKHPDWLFDODYHUDJHRIWKHIRUFHIRUHDFKUXQZDVH[WUDFWHGWRKDYHWKHWUXH
VWUHQJWKZLWKRXWXQFHUWDLQW\GXHWRUHDGLQJ
ϳϰ
ϲ͘ϰ ŚŝƉƐĂŶĂůǇƐŝƐ
(DFKFKLSZDVH[WUDFWHGIURPWKHSODVWLFEDJXQZRXQGDORQJLWVHQWLUHOHQJWK
ZKLFKLQWKHVHFRQGWHVWZDVYHU\KLJKFRPSDUHGWRWKHILUVWWHVW,QWKHRUGHURI
PDQGWKHFKLSZLGWKDQGWKLFNQHVVZDVWDNHQLQGLVWLQFWSRLQWVPP
DIWHUWKHH[WUXVLRQHQWU\DUHDLQWKHPLGGOHRIWKHH[WUXGHGFKLSDQGILQDOO\DW
PPEHIRUHWKHHQG
:LWKWKUHHWKLFNQHVVHVRIWKUHHGLIIHUHQW]RQHVRIHDFKFKLSLWZDVSRVVLEOHWR
DQDO\VHWKHFRQVWDQF\RIWKHSURFHVV,QWKLVZD\LILWKDGEHHQIRXQGWKDWWKH
WKLFNQHVVRIWKHFKLSJUHZGHFUHDVHGRUYDULHGGXULQJWKHH[WUXVLRQLWZRXOGKDYH
PHDQWWKDWWKHSURFHVVZRXOGQRWEHVWDEOH:LWKWKHWKLFNQHVVHVREWDLQHGLWZDV
VDWLVILHGDVZLWKLQWKHVDPHUXQWKHWKLFNQHVVZDVFRQVWDQWZLWKDYDULDWLRQRID
IHZFHQWVRIPLOOLPHWUHVWKDWFRXOGEHFRQVLGHUHGLUUHOHYDQW
7KHVHFRQGFRQWUROVWHSFRQVLVWHGLQWKHFRPSDULVRQEHWZHHQWKHLPSRVHGJDS
DQGWKHFKLSWKLFNQHVVWKDWVKRXOGEHH[DFWO\WKHVDPHVLQFHWKHJDSUHSUHVHQWVWKH
DUHDRIWKHH[WUXVLRQPDWUL[QHWRIVPDOOHODVWLFGHIRUPDWLRQVWKDWFDQRFFXUDWWKH
H[LWIURPWKHH[WUXVLRQGLH
)URPWKLVFRQWUROLWFDQEHVHHQWKDWWKHODPEGDDQGKDYHH[WUXGHG
FKLSWKLFNQHVVHVWKDWDUHFOHDUO\ODUJHUWKDQWKHJDSPHDVXUHPHQW 7DE
+HUHLWLVQRWWRWDNHWKHDYHUDJHRIWKHSUHVVXUHVDVLQWKHILUVWFDPSDLJQLQZKLFK
WKHIRUFHJUDSKLVOLQHDUDQGFRQVWDQW
ϳϱ
dĂďůĞϭϮ͗ŶĂůǇƐŝƐĐŚŝƉďƌĂƐƐƐĞĐŽŶĚĐĂŵƉĂŝŐŶ͘
ϳϲ
dĂďůĞϭϯ͗ŶĂůǇƐŝƐĐŚŝƉďƌĂƐƐƐĞĐŽŶĚĐĂŵƉĂŝŐŶ͘
7KLVSUREOHPLVPRVWOLNHO\GXHWRDQHUURURQWKHSDUWRIWKHRSHUDWRUZKRGLGQRW
FORVHWKHVKRHKROGHURQWKHJDSUHTXLUHGIRUWKHVSHFLILFUXQZLWKWKHQHFHVVDU\
IRUFHDQGWKHUHIRUHZKHQWKHH[WUXVLRQSURFHVVVWDUWHGLWZDVDOUHDG\RSHQHGE\
JUHDWSUHVVXUH
7KHVHUXQVZLWKWKLVDQRPDO\DUHWREHWUHDWHGDVDQRXWOLQHUDQGFDQQRWEHXVHGDV
UHOLDEOHGDWDDQGDUHSORWWHGLQUHGWULDQJOHVWRLQGLFDWHWRWKHUHDGHUZKDWWKH\DUH
ϳϳ
ϲ͘ϱ ZĞƉĞĂƚĂďŝůŝƚǇƚĞƐƚ
$UHSHDWDELOLW\WHVWZDVPDGHWRWHVWZKHWKHUWKHSURFHVVZDVUHSHDWDEOHDQG
VWDEOH
5HSHDWDELOLW\LVWKHGHJUHHRIDJUHHPHQWEHWZHHQDVHULHVRIPHDVXUHPHQWVRIWKH
VDPHPHDVXUDQGZKHQWKHVLQJOHPHDVXUHPHQWVDUHPDGH OHDYLQJWKH
PHDVXUHPHQWFRQGLWLRQVXQFKDQJHG,QSDUWLFXODUWKHPHDVXUHVPXVWFRPSO\ZLWK
WKHIROORZLQJFRQGLWLRQV
WKHVDPHPHDVXUHPHQWPHWKRGPXVWEHPDLQWDLQHG
PXVWEHFDUULHGRXWE\WKHVDPHRSHUDWRU
PXVWEHFDUULHGRXWZLWKWKHVDPHPHDVXULQJLQVWUXPHQW
PXVWEHPDGHLQWKHVDPHSODFH
PXVWEHFDUULHGRXWZLWKWKHVDPHFRQGLWLRQVRIXVHRIWKHLQVWUXPHQWDQGWKH
PHDVXUDQG
PXVWEHFDUULHGRXWLQDVKRUWSHULRG
5HSHDWDELOLW\VKRXOGQRWEHFRQIXVHG ZLWKUHSURGXFLELOLW\ZKLFKHYDOXDWHVWKH
FRQVLVWHQF\RIPHDVXUHPHQWUHVXOWVE\YDU\LQJRQHRUPRUHPHDVXUHPHQW
FRQGLWLRQV
7KHSUHVHQFHRIGLVFUHSDQFLHVDWWKHVDPHPHDVXUHPHQWFRQGLWLRQVKLJKOLJKWVWKH
H[LVWHQFHRIUDQGRPHUURUVRXUFHVWKDWPDNHV WKHSURFHVVQRWUREXVW7KHODWWHUDUH
DQDWXUDOHIIHFWRIWKHSUDFWLFDOLPSRVVLELOLW\RISHUIHFWO\FRQWUROOLQJDOOWKH
LQILQLWHVRXUFHVRILQIOXHQFH,WLVIXQGDPHQWDOLQSUDFWLFH WKDWWKHGLVFUHSDQFLHV
DUHQRWVRZLGHDVWRPDNHWKHPHDVXUHQRWVLJQLILFDQW7KHDVVHVVPHQWRI
UHSHDWDELOLW\LVWKHUHIRUHIXQGDPHQWDOLQGHILQLQJWKHSUHFLVLRQRIWKH
PHDVXUHPHQW
,WKDVEHHQGHFLGHGWRPDNHUXQVLQVXFFHVVLRQZLWKODPEGDVHWWRDV
DFFRUGLQJWR'H&KLIIUH
VWKHRU\DQGH[SHULPHQWV>@ LQRUGHUWRREWDLQ WKH PRVW
EHDXWLIXOFKLSDQG WKHOHVVH[WUXVLRQSUHVVXUH QHFHVVDU\*LYHQWKDWLQWKHILUVW
ϳϴ
H[SHULPHQWDOFDPSDLJQWKHUHZDVDGLIILFXOW\LQLGHQWLI\LQJWKHPLQLPXPSRLQW
ZLWKGDWDLQVWHDGRIRQHLWVKRXOGEHHDVLHUWRLGHQWLI\LW
ϲ͘ϱ͘ϭ ZĞƐƵůƚƐƌĞƉĞĂƚĂďŝůŝƚǇƚĞƐƚ
dĂďůĞϭϰ͗ZĞƐƵůƚƐƌĞƉĞĂƚĂďŝůŝƚǇƚĞƐƚ
&ŝŐƵƌĞϱϲ͗ǆƚƌƵƐŝŽŶƉƌĞƐƐƵƌĞŽŶĞĂĐŚƚĞƐƚ
UXQVZHUHSHUIRUPHGEXWLQRQHRIWKHVHWKHUHZDVDQDFTXLVLWLRQHUURUDQG
WKHUHIRUHLWFDQQRWEHFRQVLGHUHGYDOLG
ϲ͘ϱ͘Ϯ ŽŶĐůƵƐŝŽŶƌĞƉĞĂƚĂďŝůŝƚǇƚĞƐƚ
$QDO\VLQJ WKHYDOLGWHVWVLWFDQEHQRWLFHG WKDWWKHUHLVH[FHOOHQWUHSHDWDELOLW\
)LJZLWKYDULDWLRQVRIDIHZKXQGUHGWKVRIDPLOOLPHWHURQWKHZLGWKDQGMXVW
VRPH1HZWRQRQWKHIRUFH 7DEEXWLQSHUFHQWDJHWKHVHHUURUVDUHYHU\ORZ
LQWKHRUGHURI7KXVLWFDQEHFRQFOXGHG WKDWWKHSURFHVVLVUHSHDWDEOH
,WZRXOGKDYHEHHQYHU\LQWHUHVWLQJWRVHHDOLQHDUORZHULQJRIWKHIRUFHVEHWZHHQ
RQHUXQDQGWKHRWKHUZKLFKZRXOGKDYHPHDQWWKDWDQLQFUHDVHLQWHPSHUDWXUHRI
WKHZRUNSLHFHZRXOGFDXVHDVOLJKWWKHUPDOVRIWHQLQJWKDWZRXOGDIIHFWWKHIRUFH
UHTXLUHGIRU H[WUXVLRQ 1HYHUWKHOHVV WKHWHVWH[HFXWLRQPRGHWDNHVDERXW
ϳϵ
PLQXWHVEHWZHHQHDFKWHVWZKLFKJLYHVWKHZRUNSLHFHWKHWLPHQHHGHGWRFRROLW
GRZQEULQJLQJWKHVXUIDFHWHPSHUDWXUHEDFNWRDURXQGURRPWHPSHUDWXUH
LQYDOLGDWLQJWKLVVHDUFKIRUWKHUPDOVRIWHQLQJ
ϲ͘ϲ ŝƐĐƵƐƐŝŽŶŽĨƌĞƐƵůƚƐ
&ŝŐƵƌĞϱϳ͗ǆƚƌƵƐŝŽŶƉƌĞƐƐƵƌĞǀƐƌĞĂůůĂŵďĚĂŐƌĂƉŚ͕ƐĞĐŽŶĚďƌĂƐƐĞǆƉĞƌŝŵĞŶƚĂů
ĐĂŵƉĂŝŐŶ͘
+HUHLWFDQEHVHHQWKDWWKHWKHRUL]HGFXUYHRIWKHXSSHUERXQGPRGHOLVSUHVHQW
0RUHRYHULWLVSRVVLEOHWRVHHWKDWWKHUHLVDSDUDEROLFFXUYHWKDWKDVDPLQLPXP
DQGWKLVLVWKHH[WUXVLRQFXUYHLQZKLFKWKHUHLVWKHUHDOH[WUXVLRQ,WKDVD
PLQLPXPIRUQRW\HWDVWKHWKHRU\ZRXOGVXJJHVWEXWFHUWDLQO\EHWWHU
WKDQWKHILUVWH[SHULPHQWDOFDPSDLJQZKHUHWKHSRLQWRIPLQLPXPSUHVVXUHZDV
UHVXOWHGIRUODPEGDDQG
7KHQWKHUHVKRXOGEHDKRUL]RQWDOVWUDLJKWOLQHWKDWVWDUWVIURPODPEGDXSWR
RYHUZKLFK UHSUHVHQWVWKHOLQHDULW\SUHVVXUHWKDWLVQHFHVVDU\IRUFODVVLFDO
WXUQLQJLQWKHJUDSKWKHVHSRLQWVDUHLQGLFDWHGE\EOXHVTXDUH7KLVVWUDLJKWOLQH
KRZHYHULVGLIILFXOWWRQRWLFHEHFDXVHLWPXVWKDYHEHHQIRUPHGE\SUHFLVHSRLQWV
ZKLFKDUHRXWOLQHUWKDWGLVWRUWVWKHOLQHDULW\7KHRXWOLQHUVDUHGXHWRDQRSHQLQJ
RIWKHVKRH
7KHVROXWLRQWRNHHSWKHH[WUXVLRQWLPHORQJHUZDVH[FHOOHQWDVQRZWKHSURFHVV
LVYHU\VWDEOHDQGHYHQZLWKUHGXFHGODPEGDWKHJUDSKVRIWKHIRUFHVQRORQJHU
SUHVHQWWKHEHOOVKDSHGWUHQG
ϴϬ
+RZHYHULWLVVWLOOGLIILFXOWWRILQGDSHUIHFWFRPPRQDOLW\ZLWKWKHWKHRU\LW
VKRXOGPRGLI\WKHPDWKHPDWLFDOPRGHORIWKHXSSHUERXQGPRGHO
ϲ͘ϲ͘ϭ DŽƌĞĂďƐƚƌĂĐƚĚŝƐĐƵƐƐŝŽŶ
$GLIIHUHQWGLVFXVVLRQFDQEHPDGHLILWLVFRQVLGHUHGWKDWWKHYDOXHRIKPD\EH
DIIHFWHGE\DV\VWHPDWLFHUURU,QIDFWLQDOOWKHUHVXOWVDQDO\VLVPDGHWKHYDOXHRI
KZDVFRQVLGHUHGDVFRQVWDQWDQGLWZDVSHUIHFWO\VHWE\WKHRSHUDWRUDWWKH
EHJLQQLQJRIWKHVHVVLRQWHVWRQWKHYDOXHRIPP+RZHYHUIURPWKHDQDO\VLV
RIWKHWKLFNQHVVLWZDVFRPSDUHGZLWKWKHYDOXHRIWKHVHWJDSDQGLWZDVDOZD\V
VHHQDGLVFUHSDQF\ )LJ 
&ŝŐƵƌĞϱϴ͗ĞǀŝĂƚŝŽŶĨƌŽŵƚŚĞƐĞƚǀĂůƵĞŽĨŐĂƉƐŚŽĞͲƚŽŽůĂŶĚƌĞĂůŐĂƉƐŚŽĞͲƚŽŽů͘
7KHUHIRUHLWPD\DULVHWKDWWKHYDOXHRIKLVQRWUHDOO\PPEXWDOLWWOHJUHDWHU
+RZHYHUWKLVFRXOGQRWEHYHULILHGGXHWRODFNRIWLPH$VVXPLQJWKDWWKHYDOXHRI
KKDGEHHQPPLQVWHDGRIPPWKHUHDOODPEGDYDOXHVZRXOGJRGRZQ
DQGWKHHQWLUHH[WUXVLRQSUHVVXUHYVUHDOODPEGDFXUYHZRXOGVKLIWWRZDUGVVPDOOHU
YDOXHVDSSURDFKLQJWKHYDOXHVRIWKHWKHRU\RIH[WUXVLRQFXWWLQJ )LJ ,QIDFWD
PLQLPXPSRLQWHTXDOWRODPEGDZRXOGEHUHDFKHGZKLFKLVYHU\FORVHWRWKDW
UHDFKHGE\'H&KLIIUHDQG6HJDOLQD>@FRQILUPLQJWKDWWKHWKHRU\ H[WUXVLRQ
FXWWLQJLVUREXVW
ϴϭ
&ŝŐƵƌĞϱϵ͗ǆƚƌƵƐŝŽŶƉƌĞƐƐƵƌĞǀƐƌĞĂůůĂŵďĚĂŐƌĂƉŚ͕ƐĞĐŽŶĚďƌĂƐƐĞǆƉĞƌŝŵĞŶƚĂůĐĂŵƉĂŝŐŶ
ŝĨƚŚĞƌĞǁĂƐĂĞƌƌŽƌƚŽƐĞƚƚŝŶŐĨĞĞĚ͘
ϲ͘ϳ KƚŚĞƌŐƌĂƉŚƐ
7KHJUDSKWKDWVD\VLIWKHH[SHULPHQWDOGDWDUHVSHFWWKHWKHRU\RIH[WUXVLRQFXWWLQJ
LVWKHH[WUXVLRQSUHVVXUHLQIXQFWLRQRIODPEGDKDYLQJDVHFRQGGHJUHH
LQWHUSRODWLRQFXUYHZLWKDPLQLPXPFORVHWRODPEGDDVDOUHDG\H[SODLQHG
+RZHYHULWLVSRVVLEOHWRREWDLQJUDSKVLQWKHIXQFWLRQRIODPEGDDOVRIRUWKH
VWUDLQVWUDLQUDWHWHPSHUDWXUHDQGIORZVWUHVV )LJ
ϴϮ
&ŝŐƵƌĞϲϬ͗ƋƵŝǀĂůĞŶƚƐƚƌĂŝŶĂƐĨƵŶĐƚŝŽŶŽĨĐŚŝƉĐŽŵƉƌĞƐƐŝŽŶĨĂĐƚŽƌ
&ŝŐƵƌĞϲϭ͗ƋƵŝǀĂůĞŶƚƐƚƌĂŝŶͲƌĂƚĞĂƐĨƵŶĐƚŝŽŶŽĨĐŚŝƉĐŽŵƉƌĞƐƐŝŽŶĨĂĐƚŽƌ͘
&ŝŐƵƌĞϲϮ͗ƵƚƚŝŶŐƚĞŵƉĞƌĂƚƵƌĞĂƐĨƵŶĐƚŝŽŶŽĨĐŚŝƉĐŽŵƉƌĞƐƐŝŽŶĨĂĐƚŽƌ
ϴϯ
&ŝŐƵƌĞϲϯ͗ƋƵŝǀĂůĞŶƚƐƚƌĞƐƐĂƐĨƵŶĐƚŝŽŶŽĨĐŚŝƉĐŽŵƉƌĞƐƐŝŽŶĨĂĐƚŽƌ͘
7KHVHJUDSKVZRXOGEHIXQGDPHQWDOWRLQWHUSRODWHD'IXQFWLRQ )LJ DQG
GHULYHDFRQVWLWXWLYHHTXDWLRQDV6HJDOLQDGLGLQFROODERUDWLRQZLWK
WKH,7GHSDUWPHQWEXWLQWKLVWKHVLVLWZLOOQRWEHGHULYHG

&ŝŐƵƌĞϲϰ͗ϰWůŽƚĨƵŶĐƚŝŽŶŽĨƐƚƌĂŝŶ͕ƐƚƌĂŝŶƌĂƚĞ͕ƚĞŵƉĞƌĂƚƵƌĞĂŶĚƐƚƌĞƐƐ͕^ĞŐĂůŝŶĂϮϬϭϲ
ϴϰ
ϲ͘ϴ ŽŵƉĂƌŝƐŽŶŽĨŚŝƐƚŽƌŝĐĂůĚĂƚĂ
&ŝŐƵƌĞϲϱ͗'ƌĂƉŚƚŚĂƚĐŽůůĞĐƚƐĂůůŚŝƐƚŽƌŝĐĂůĚĂƚĂŽĨĞǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐǁŝƚŚďƌĂƐƐ
$OOWKHKLVWRULFDOGDWDRIH[WUXVLRQFXWWLQJPDGHE\H[WUXGLQJEUDVVKDYHEHHQ
SORWWHGLQWKHJUDSK )LJ,WPHDQVWKRVHIURPWKHILUVWWHVWVREWDLQHGE\'H
&KLIIUHLQ>@ZKHQKHWKHRUL]HGH[WUXVLRQFXWWLQJXQWLO/DQGHUJKLQL
WKLVZRUN UHVXOWVZLWKQHZHTXLSPHQWSDVVLQJE\WKHUHVXOWVRI6HJDOLQD>@
(YHQ$VWUXS>@KDGDFKLHYHGUHVXOWVEXWKDYLQJPDGHH[SHULPHQWDOPLVWDNHV
DQGKDYLQJKDGVRPHWHFKQLFDOSUREOHPVWKH\DUHQRWUHOLDEOHDQGWKHUHIRUHZHUH
QRWLQFOXGHG
7KHGDWDRI/DQGHUJKLQLVKRZORZHUH[WUXVLRQSUHVVXUHWKDQWKRVHREWDLQHG
E\'H&KLIIUH>@LQ,WFRXOGEHGXHWRDQRRSWLPDOG\QDPRPHWHUW\SH
HTXLSPHQWRUGXHWRWKHH[WUXVLRQFXWWLQJHTXLSPHQWRU GXHWRDGLIIHUHQW
FRPSRVLWLRQRIWKHH[WUXGHGEUDVV+RZHYHUWKHGLIIHUHQFHLVDERXW1DQGLW
FRUUHVSRQGVWRDHUURUWKDWLVDFFHSWDEOH7KLVPHDQVWKDWKHUHLVD
GLIIHUHQFHRIMXVWNJRIIRUFHQHFHVVDU\IRUWKHH[WUXVLRQ,QDGGLWLRQLWLV
SRVVLEOHWRVHHDQDJUHHPHQWLQWKHPLQLPXPFXUYHZKLFKLVDYHU\FRPIRUWLQJ
UHVXOW
6HJDOLQD
VGDWD>@RQWKHRWKHUKDQGDFKLHYHDKLJKHUH[WUXVLRQSUHVVXUHWKDQ
WKDWXVHGLQWKLVZRUN7KLVLVEHFDXVHKHPDGHWKHPLVWDNHREWDLQLQJWKH
ϴϱ
H[WUXVLRQSUHVVXUHE\GLYLGLQJWKHFXWWLQJIRUFHDOZD\VLQWKHVDPHDUHDQRW
FRQVLGHULQJWKHPRGHVWZLGHQLQJRIWKHGLVNZKLFKLVYDOLGDOVRIRUWKHEUDVV
,QFRQFOXVLRQLWFDQEHVWDWHGWKDWWKHUHLVUHSHDWDELOLW\LQWKHSURFHVVEHFDXVHWKH
KLVWRULFDOGDWDREWDLQHGZLWKGLIIHUHQWHTXLSPHQWPL[ZHOO
ϴϲ
ϴϳ
&KDSWHU
6OLSOLQHPHWKRG
,WZDVVHHQIURPWKHH[SHULPHQWDOGDWDWKDWWKHSRLQWRIOHDVWSUHVVXUHZDVQRW
H[DFWO\DWODPEGDDVWKHWKHRU\RIWKHXSSHUERXQGVXJJHVWVVRLWFDQPHDQ
WKDWLWFDQEHXVHGDPDWKHPDWLFDOPRGHORQZKLFKH[WUXVLRQFXWWLQJLVEDVHGDVD
SURFHVVWRGHULYHWKHEHKDYLRURIWKHPDWHULDODOLDVFRQVWLWXWLYHHTXDWLRQVEHLQJ
VXSSRUWHGE\DYDVWDPRXQWRIGDWDREWDLQHGIURPH[SHULPHQWDOWHVWV
ϳ͘ϭ DĂƚůĂďĂƐŐĞŶĞƌĂƚŽƌŽĨƚƌƵĞƐůŝƉůŝŶĞĨŝĞůĚ
:LWKWKH0DWODEVRIWZDUHDQGDSURJUDPGHYHORSHGE\SURIHVVRU&KULV9DOHQWLQ
1LHOVHQ LQ0DWODEWKDWGUDZWKHVOLSOLQHILHOGWKHYDULDEOHVWKDWFDQEHFKDQJHG
DUH
x 7KHUDNHDQJOHYDOXH
x 7KHWKHWDZKLFKLVWKHYDOXHRIWKHDQJOHIRUPHG E\VOLSOLQHIDQWKHYDOXH
RIWKHWDLVVWULFWO\FRQQHFWHGWRWKHYDOXHRIODPEGDRUPRUHSUHFLVHO\WR
WKHVKRHWRROJDS
x )ULFWLRQIDFWRUXVHGLQSODFHRIWKHFRHIILFLHQWRIIULFWLRQ(TZKLFK
FDQYDU\IURPWRZLWKFRQVLGHUHGVWLFNLQJWKDWLVWKHPDWHULDOVWLFNV
DQGWKHQHZPDWHULDOIORZVRQWKHRQHDWWDFKHGLQWKLVFDVHZHXVHGD
YDOXHRIP DQGP ZKLFKPHDQVWKDWWKHPDWHULDOIORZVRQWKH
UDNHDQJOHZLWKIULFWLRQEXWGRHVQRWVWLFN
%\FKDQJLQJRQO\WKHVHYDULDEOHVWKHSURJUDPUHWXUQVLPDJHVRIWKHVOLSOLQHVDQG
WKHFRUUHVSRQGLQJODPEGDYDOXH
7KHSXUSRVHRIREWDLQLQJWKHVHLPDJHVRIVOLSOLQHILHOGVZDVILUVWRIDOOWR
XQGHUVWDQGWRZKDWOHYHORIODPEGDWKHWKHRU\RQZKLFKH[WUXVLRQFXWWLQJLVEDVHG
FDQEHFRQVLGHUHGYDOLGLHWKHVLPSOHXSSHUERXQGPRGHODQGVXEVHTXHQWO\WU\
ϴϴ
WRREWDLQDQXSJUDGHRIWKHVLPSOHPDWKHPDWLFDOPRGHOWRILQGDPDMRUDJUHHPHQW
ZLWKWKHH[SHULPHQWDOGDWD
,QIDFWWKHWKHRU\RIH[WUXVLRQFXWWLQJGHYHORSHGE\3URIHVVRU'H&KLIIUH>@
K\SRWKHVL]HVRQO\DOLQHRIGLVFRQWLQXLW\DQGDQRWKHUVPDOOOLQHRQWKHUDNHDQJOH
ZKLFKLVYDOLGIRUDQRUPDOFXWWLQJZLWKRXWH[WUXVLRQ
:LWKWKHLPDJHVREWDLQHGLWZLOOEHSRVVLEOHWRVHHKRZPXFKLWLVGHYLDWHGIURP
WKHWKHRU\RIWKHXSSHUERXQGXVLQJDVOLSOLQHPHWKRGWKDWJLYHVDWUXHVROXWLRQ
6HYHUDOWHVWVZHUHSHUIRUPHG )LJ ZLWKGLIIHUHQWFRPELQDWLRQV
9DU\LQJPIURPWR
$QGYDU\LQJODPEGDIURP
&ŝŐƵƌĞϲϲ͗ǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐƐůŝƉůŝŶĞĨŝĞůĚĨƌŽŵDĂƚůĂďƉƌŽŐƌĂŵ
ϴϵ
)URPWKHWDEOHLWFDQEHGHGXFHGWKDWZLWKȁ LW VWLOOKDVDOLQHDUVOLSOLQH
SUDFWLFDOO\ZLWKRXWDVOLSOLQHIDQ$JUHDWLQGLFDWLRQWKDWWKHWKHRU\RIH[WUXVLRQ
FXWWLQJLVYDOLGXSWRȁ DQGP EXWWKLVLVQRWFRPSOHWHO\FRUUHFWWRVD\
EHFDXVHWKHWKHRU\LVEDVHGRQVWURQJVLPSOLI\LQJDVVXPSWLRQVH[DPSOHWKDWPLV
HTXDOWR
,WFDQEHQRWHGWKDWLIZHNHHSLQFUHDVLQJWKHODPEGDYDOXHIRUH[DPSOHZLWK
P WKHVOLSOLQHILHOGEHFRPHVQHJDWLYHWKDWLVWKHWKHWDJHWVQHJDWLYHDQG
WKLVLVSK\VLFDOO\LPSRVVLEOH7KHUHIRUHLWFDQEHDIILUPHGWKDWWKHSURJUDP
GHYHORSHGRQ0DWODEWRGHVFULEHWKHVOLSOLQHVKDVDYDOLGLW\OLPLWDVORQJDV WKH
VOLSOLQHEHFRPHVVLQJXODU)LJ
7KLVDFFHSWDELOLW\OLPLWSKHQRPHQRQLVPRUHSURQRXQFHGIRUP ZKLOHIRUP
 WKLVSKHQRPHQRQGRHVQRWRFFXU\HWIRUDODPEGDYDOXHDVKLJKDV
7KLVIDFWVXJJHVWVWKDWWKHWUXHYDOXHRIPZLOOFHUWDLQO\EHEHWZHHQDQG
&ŝŐƵƌĞϲϳ͗^ŝŶŐƵůĂƌŝƚǇŽĨDĂƚůĂďƉƌŽŐƌĂŵ
ϳ͘ϭ͘ϭ ĞƚĞƌŵŝŶĂƚŝŽŶŵΗƌĞĂůΗ
7KHQH[WVWHSWKDWKDVEHHQGRQHLVWRWU\WRXQGHUVWDQGWKURXJKWKH0DWODE
SURJUDPZKLFKLVWKHIULFWLRQIDFWRUPWKHPRVWWUXWKIXOLQRXUH[SHULPHQWV
JLYHQWKDWP DQGP ZHUHDVVXPSWLRQVEDVHGRQWKHRUHWLFDOH[SHULHQFH
ϵϬ
IRUZKLFKDUHUHDVRQDEO\SHUPLVVLEOHYDOXHVLQFXWWLQJ7RGRWKLVLWZDVXVHGDQ
LWHUDWLYHPHWKRGDVRSSRVHGWRKRZZDVJRWWKHSUHYLRXVJUDSKV
)LUVWRIDOOLWQHHGVWRNQRZWKHQDWXUDOFKLSFRPSUHVVLRQZKLFKKDVEHHQ
H[SHULPHQWDOO\REWDLQHGWKURXJKDQRUWKRJRQDOIUHHWXUQLQJZLWKRXWWKH
UHVWULFWLRQRIWKHVKRHXVLQJWKHVDPHWRROXVHGIRUH[WUXVLRQFXWWLQJDQGZLWKWKH
VDPHUDNHDQJOH7KHFKLSFRPSUHVVLRQLVFORVHO\UHODWHGWRWKHW\SHRIPDWHULDO
DQGWRWKHUDNHDQJOHXVHGLQWKHFDVHRIEUDVVDQGUDNHDQJOHRIWKHQDWXUDO
FKLSFRPSUHVVLRQLVGHULYHGIURPFKLSWKLFNQHVVGLYLGHGE\IHHG
.QRZLQJWKDWLQQRUPDOWXUQLQJWKHUHLVRQO\RQHOLQHRIGLVFRQWLQXLW\LQWKH
0DWODESURJUDPLW ZDVLQVHUWHGWKHUDNHDQJOHDVDIL[HGSDUDPHWHUDQGLQDQ
LWHUDWLYHZD\LWZDVHQWHUHGWKHYDOXHVRIWKHWDLQRUGHUWRREWDLQDVLQJOHOLQHRI
GLVFRQWLQXLW\DWODPEGDREWDLQLQJDPHTXDOWR
ϳ͘Ϯ DŽĚŝĨŝĐĂƚŝŽŶDĂƚŚĞŵĂƚŝĐĂůŵŽĚĞůďĂƐĞĚŽŶƐůŝƉůŝŶĞƐ
7KHWKHRUHWLFDOIRUPXODWLRQRIH[WUXVLRQFXWWLQJDVDSURFHVVWRGHULYHSNDQG
WKHUHIRUHDPDWHULDOFRQVWLWXWLYHHTXDWLRQGHULYHGIURP'H&KLIIUH>@LV
EDVHGRQWKHXSSHUERXQGPRGHO
ϳ͘Ϯ͘ϭ dŚĞƵƉƉĞƌͲďŽƵŶĚ
7KHXSSHUERXQGWKHRUHPVWDWHVWKDWDQ\HVWLPDWHRIWKHFROODSVHORDGRIDERG\
PDGHE\HTXDWLQJWKHUDWHRILQWHUQDOHQHUJ\GLVVLSDWLRQWRWKHH[WHUQDOIRUFHVZLOO
EHHTXDORUEHJUHDWHUWKDQWKHFRUUHFWORDG
7KHDQDO\VLVLQYROYHV
$VVXPLQJDQLQWHUQDOÀRZ¿HOGWKDWZLOOSURGXFHWKHVKDSHFKDQJH
&DOFXODWLQJWKHUDWHDWZKLFKHQHUJ\LVFRQVXPHGE\WKLVÀRZ¿HOG
&DOFXODWLQJWKHH[WHUQDOIRUFHE\HTXDWLQJWKHUDWHRIH[WHUQDOZRUNZLWKWKH
UDWHRILQWHUQDOHQHUJ\FRQVXPSWLRQ
7KHÀRZ¿HOGFDQEHFKHFNHGIRUFRQVLVWHQF\ZLWKDYHORFLW\YHFWRUGLDJUDPRU
KRGRJUDSK,QDSSO\LQJWKHXSSHUERXQGPRGHOWRPHWDOZRUNLQJRSHUDWLRQV
VHYHUDOVLPSOLI\LQJDVVXPSWLRQDUHLQYRNHG
ϵϭ
 7KHPDWHULDOLVKRPRJHQHRXVDQGLVRWURSLF
 7KHUHLVQRVWUDLQKDUGHQLQJ
 ,QWHUIDFHVDUHHLWKHUIULFWLRQOHVVRUVWLFNLQJIULFWLRQSUHYDLOV
 8VXDOO\RQO\WZRGLPHQVLRQDOSODQHVWUDLQFDVHVDUHFRQVLGHUHGZLWK
GHIRUPDWLRQRFFXUULQJE\VKHDURQDIHZGLVFUHWHSODQHV0RUHRYHUWKH
PDWHULDOLVULJLG
:LWKDORWRIH[SHULPHQWDOWHVWGDWDLWZDVVHHQWKDWLWGHYLDWHDELWIURPWKH
WKHRU\LQIDFWLQSRLQWRIPLQLPXPSUHVVXUHLWLVIRXQGDOLWWOHDERYHODPEGD
7KLVLVDOPRVWFHUWDLQO\GXHWRWKHPDQ\SHUKDSVWRRPDQ\DVVXPSWLRQVWKDWKDYH
EHHQPDGHWRGHULYHSNXVLQJWKHXSSHUERXQGPHWKRG,QIDFWWKHXSSHUERXQG
LVYDOLGLQIUHHWXUQLQJEXWZKHQLWZDVH[WUXGHGWKHVOLSOLQHVFKDQJHG
FRPSOHWHO\DQGWKDWLVZKHQWKHVKRHWRROJDSWLJKWHQVVRDVWRVWDUWWKHH[WUXVLRQ
WKDWZLWKWKHVWDUWLQJSDUDPHWHUVEUDVVDQGRIUDNHDQJOHVWDUWVDWODPEGD
WKHPRGHOFDQQRWEHFRQVLGHUHGYDOLGHQRXJKWRGHVFULEHWKHSURFHVV
:LWK3URIHVVRU&KULV9DOHQWLQ1LHOVHQ
VSURJUDPLWZDVSRVVLEOHWRHOLPLQDWH
VRPHRIWKHVHVLPSOLILFDWLRQVXVHGIRUWKHXSSHUERXQGXVLQJWKHVOLSOLQHWKHRU\
,QWKLVZD\LWLVSRVVLEOHWRZRUNRQDILHOGRIGLVFRQWLQXLW\PRUHVLPLODUWRUHDOLW\
>@
ϳ͘Ϯ͘Ϯ ^ůŝƉůŝŶĞ
7KHWKHRUHWLFDOIRXQGDWLRQRIWKHVOLSOLQHPHWKRGVWDUWVIURP&RXORPELQ
WKHQ5DQNLQHLQWKHQ/HY\LQ7KHPHWKRGZDVGHILQLWLYHO\HVWDEOLVKHG
E\+HQFN\LQDQG*HLULQJHULQGHULYLQJHTXDWLRQVWRVROYHWKHILHOGRI
WHQVRUVDQGYHORFLW\WKHQ3UDJHULQLQWURGXFHGWKHKRGRJUDSKDQG+LOO
GHVFULEHGWKHH[WUXVLRQVOLSOLQHILHOGV
7KHJRDORIWKHVOLSOLQHVLVWRGHVFULEHWKHSODVWLFGHIRUPDWLRQRIVROLGVVXEMHFWHG
WRVWUHVV
7KHVROXWLRQIRXQGZLWKWKLVPHWKRGZLOOEHDFRPSOHWHVROXWLRQXVLQJ
VLPXOWDQHRXVO\WKHILHOGRIWHQVRUVDQGYHORFLWLHVGHIRUPDWLRQV
ϵϮ
6OLSOLQH¿HOGWKHRU\LVEDVHGRQVWXG\RIDGHIRUPDWLRQ¿HOGWKDWLVERWK
JHRPHWULFDOO\VHOIFRQVLVWHQWDQGVWDWLFDOO\DGPLVVLEOH6OLSOLQHVDUHSODQHVRI
PD[LPXPVKHDUVWUHVVDQGDUHWKHUHIRUHRULHQWHGDWƕWRWKHD[HVRISULQFLSDO
VWUHVV%DVLFDVVXPSWLRQVDUH
7KHPDWHULDOLVLVRWURSLFDQGKRPRJHQHRXV
7KHPDWHULDOLVULJLGLGHDOO\SODVWLFLHQRVWUDLQKDUGHQLQJ
(IIHFWVRIWHPSHUDWXUHDQGVWUDLQUDWHDUHLJQRUHG
3ODQHVWUDLQGHIRUPDWLRQ
7KHVKHDUVWUHVVHVDWLQWHUIDFHVDUHFRQVWDQWXVXDOO\IULFWLRQOHVVRUVWLFNLQJ
IULFWLRQ
7KHDGYDQWDJHRIXVLQJWKHVOLSOLQHPHWKRGZKLFK\LHOGVDQH[DFWSRZHU
FRPSDUHGWRWKHXSSHUERXQGWKDWZLWKZKLFKJUHDWHUSRZHULVREWDLQHGWKDQWKH
UHDORQH
7KHH[SODQDWLRQRIWKHPHWKRGZLOOQRWEHLQFOXGHGLQWKLVWKHVLV DVLWLVFRPSOH[
DQGWHGLRXVIRUWKHUHDGHUVHH+LOO
VERRNV>@
ϳ͘Ϯ͘ϯ ƋƵĂůͲĐŚĂŶŶĞůĂŶŐƵůĂƌĞǆƚƌƵƐŝŽŶ
7KLVH[WUXVLRQPHWKRGLVYHU\VLPLODUWRH[WUXVLRQFXWWLQJH[FHSWWKDWWKHUHLVQR
DUHDYDULDWLRQDQGWKHPDWHULDOLVHQFORVHGRQDOOVLGHVE\WKHPDWUL[ZKLFK
FUHDWHVIULFWLRQIURPPXOWLSOHIURQWV7KHVOLSOLQHILHOGLVDOVRYHU\VLPLODU
&ŝŐƵƌĞϲϴ͗ ŶĂůŽŐǇďĞƚǁĞĞŶĞǆƚƌƵƐŝŽŶͲĐƵƚƚŝŶŐ͕ƐŝĚĞͲĞǆƚƌƵƐŝŽŶĂŶĚ͘
ϵϯ
DSODQHVLGHH[WUXVLRQZLWKLQFOLQHGERWWRPZDOOEH[WUXVLRQFXWWLQJZLWKD
ODUJHGHIRUPDWLRQ]RQHFH[WUXVLRQFXWWLQJZLWKQDUURZGHIRUPDWLRQ]RQHG
WKHRUHWLFDOOLPLWRIH[WUXVLRQFXWWLQJHVOLSOLQHILHOGDQDORJ\ZLWK(&$(
SURFHVVZLWKQRIULFWLRQLQRQHFKDQQHOIVOLSOLQHILHOGH[WUXVLRQFXWWLQJIURP
0DWODE
,QWKHVNHWFKHVLWLVSRVVLEOHWRREVHUYHWKHDQDORJ\EHWZHHQVLGHH[WUXVLRQ
SURFHVVZLWKWKHUHODWLYHVOLSOLQHWKHH[WUXVLRQFXWWLQJZLWKWKHFRUUHVSRQGLQJ
VOLSOLQHILHOGE\'H&KLIIUH>@DQGILJXUHIZKLFKLVWKHVOLSOLQHILHOG
REWDLQHGZLWK WKHSURJUDP0DWODEZKLFKVHHLQJLWVSHUIHFWKDUPRQ\ZLWKWKH
ILHOGREWDLQHGIURP>@LWFRQILUPVWKDWLWZDVULJKWWKHILHOGRI>@$QGWKH
DQDORJ\RIILHOGRIVOLSOLQHZLWKDSURFHVVNQRZQDVHTXDOFKDQQHODQJXODU
H[WUXVLRQ(&$(E\906HJDOLWZDVGLVFRYHUHGLQWKHV >@ LQWKH8566
DQGWKHUHIRUHLWZDVKLGGHQIURPWKHVFLHQWLILFFRPPXQLW\ZKLFKZDVERUQDVD
PHWKRGIRUUHGXFWLRQ RIWKHVL]HRIWKHPHWDOJUDLQ7KHUHKDYHEHHQPDQ\VWXGLHV
RQWKLVSURFHVVWKHVHGD\VVRLWLVDKHOSWRJRLQWRDQLQGHSWKVWXG\RIDIXWXUH
WKHVLVRU3K'RQWKHVXEMHFWDVDQDLGWRH[WUDSRODWHWKHSNRUSNHTXDWLRQ
EDVHGRQWKHVOLSOLQHILHOGDQGQRWRQWKHXSSHUERXQGPRGHO
,WZDVSRVVLEOHWRGHULYHSNNQRZLQJWKHSUHVVXUHDWDSRLQW$OWKRXJKWKHPHWKRG
LVVLPSOHLW LVUHTXLUHG WRWDNHLQFRQVLGHUDWLRQGLIIHUHQWSDUDPHWHUVDQGD
PXOWLWXGHRIWULJRQRPHWULFUHODWLRQVKLSV7KXVLWZRXOGEHRILQWHUHVWWREH
LQYHVWLJDWHGGXULQJD3K'SURMHFW
ϵϰ
ϵϱ
&KDSWHU
([WUXVLRQFXWWLQJWHPSHUDWXUHVWXG\
$QDWWHPSWWRWDNHWHPSHUDWXUHLQWRDFFRXQWLQWKHWKHRUHWLFDOPRGHORIH[WUXVLRQ
FXWWLQJ
ϴ͘ϭ /ŶƚƌŽĚƵĐƚŝŽŶƚŽƚĞŵƉĞƌĂƚƵƌĞƐƚƵĚǇ
7HPSHUDWXUHDQDO\VLVLVYHU\LPSRUWDQWIRUGHWHUPLQLQJWKHFRQVWLWXWLYHHTXDWLRQV
RIWKHPDWHULDOEHFDXVHZLWKWKHWHPSHUDWXUHWKHPHWDOEHKDYLRUFKDQJH,IWKH
WHPSHUDWXUHLQFUHDVHVLQWKHPHWDOWKHIORZVWUHVVVWUDLQFXUYHVZLOOJRORZHU
JRLQJWRPDNHWKHPHWDOOHVVKDUGDQGPRUHGXFWLOHXSWRWKHFDVHVDWWKHOLPLWRI
UHDFKLQJWKHPHOWLQJSRLQWZKHUHWKHPHWDOEHFRPHVYLVFRXVOLTXLG
&ŝŐƵƌĞϲϵ͗^ƚƌĂŝŶͲƐƚƌĞƐƐĐƵƌǀĞŽĨŐĞŶĞƌĂůŵĞƚĂůĐŚĂŶŐŝŶŐǁŝƚŚƚĞŵƉĞƌĂƚƵƌĞ͘
7KLVHIIHFWVKRXOGUHGXFHWKHIRUFHVQHHGHGIRUH[WUXVLRQRUWXUQLQJRUDOOWKH
PHFKDQLFDOSURFHVVHVWKDWUHO\RQSODVWLFGHIRUPDWLRQ
7KHQWKHUHLVWKHHIIHFWRIWKHUPDOVRIWHQLQJWKHORFDOLQFUHDVHLQWHPSHUDWXUHFDQ
UHVXOWLQVRIWHQLQJWKDWOHDGVWRORFDOL]DWLRQ,QWKHH[WUHPHFDVHWKHVHEDQGVDUH
ϵϲ
FDOOHGDGLDEDWLFVKHDUEDQGV5HJDUGOHVVRIWKHLQLWLDOVRIWHQLQJPHFKDQLVPWKH
ORFDOL]HGGHIRUPDWLRQOHDGVWRDQDFFHOHUDWLRQRIVWUDLQUDWH(YHQWXDOO\WKHUHLV
KHDWFRQFHQWUDWLRQDQGWKHUPDOHIIHFWVLQPRVWVLWXDWLRQV7KHUHDUHVHYHUDO
H[FHOOHQWUHYLHZVDYDLODEOHLQWKHOLWHUDWXUH5HYLHZDUWLFOHVE\5RJHUV
6WHOO\DQG'RUPHYDO
7RGRWKHRSSRVLWHZRUNWKHUHLVWKHVWUDLQKDUGHQLQJRUFDOOHGDOVRZRUN
KDUGHQLQJLVDPHWDOOXUJLFDOSKHQRPHQRQZKHUHE\DPHWDOPDWHULDOLV
VWUHQJWKHQHGWZRWRSODVWLFGHIRUPDWLRQ
,QPHWDOOLFVROLGVSODVWLFGHIRUPDWLRQLVFDXVHGDWDPLFURVFRSLFOHYHOE\ODWH[
GHIHFWVFDOOHGGLVORFDWLRQVZKLFKIDFLOLWDWHVWKHVOLGLQJRIWKHFU\VWDOOLQHSODQHV
PRYLQJWKURXJKWKHPDWHULDO(QGLQJXSLQWHUIHULQJZLWKHDFKRWKHUEORFNLQJHDFK
RWKHULQFUHDVLQJWKHSRLQWGHIHFWVDQGWKXVLQFUHDVLQJWKHPHFKDQLFDOUHVLVWDQFH,W
PXVWEHDGGHGWKDWWKHGLVORFDWLRQVLQPRYHPHQWDFFXPXODWHGDJDLQVWWKHJUDLQ
ERXQGDULHVZKLFKDUHEDUULHUVWRWKHPRWLRQRIGLVORFDWLRQVFDXVLQJWKHPWR
EUHDN7KHUHVXOWRIWKLVGHIRUPDWLRQRIWKHFU\VWDOOLQHJUDLQVDQGWKHLUOHQJWKHQLQJ
LQWKHGLUHFWLRQRIWKHHIIRUW
ϴ͘Ϯ ĨĨĞĐƚƐŽŶŵĞĐŚĂŶŝĐĂůƉƌŽƉĞƌƚŝĞƐ
,QFUHDVHWKH\LHOGVWUHVVDQGKDUGQHVVWKHSURSHUWLHVRIGXFWLOLW\VXFKDV
HORQJDWLRQDQGVWULFWLRQDQGVWDWLFDQGG\QDPLFWHQDFLW\VXFKDVUHVLOLHQFH
GLPLQLVK
,QH[WUXVLRQFXWWLQJWKHHIIHFWRIVWUDLQKDUGHQLQJLVYHU\SURQRXQFHG
7KHPDWHULDODWWKHWLSRIWKHWRROLQWKHGHIRUPDWLRQ]RQHXQGHUJRHVDWKHUPDO
VRIWHQLQJWKDWORZHUVWKHKDUGQHVVRIWKHPDWHULDODQGWKHVWUDLQKDUGHQLQJPDNHV
WKHRSSRVLWH
7KHUHIRUHLWLVRIIXQGDPHQWDOLPSRUWDQFHWRXQGHUVWDQGDWOHDVWKRZLQFLVLYHWKH
LQFUHDVHRIWHPSHUDWXUHLQWKHSURFHVVRIH[WUXVLRQFXWWLQJLVLQRUGHUWREHDEOHWR
H[WUDSRODWHDFRQVWLWXWLYHHTXDWLRQ
+RZHYHULWLVQRWSRVVLEOHWRFRQVLGHUWKHVWUDLQKDUGHQLQJIRUWKHGLIILFXOW\RIWKH
DUJXPHQWLQIDFWPDQ\WKHRULHVRISODVWLFGHIRUPDWLRQVDVZHOODVWKHXSSHU
ϵϳ
ERXQGPRGHODQGWKHUHIRUHWKHWKHRU\RIH[WUXVLRQFXWWLQJ FRQVLGHUWKHPDWHULDO
SHUIHFWO\SODVWLFLHZLWKWKHH[SRQHQWLDOWHUPRIWKH VWUDLQKDUGHQLQJHTXDOWR]HUR
ϴ͘ϯ hƉŐƌĂĚĞŽĨƚŚĞƚĞŵƉĞƌĂƚƵƌĞĨŽƌŵƵůĂŝŶĞǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐ
3URIHVVRU'H&KLIIUH >@KDGGHGXFHGIURPWKHWKHRU\RIWKHXSSHUERXQGPRGHO
WKDWWKHWHPSHUDWXUHLQFUHDVHJHQHUDWHGE\WKHH[WUXVLRQZDVHTXDOWR HT
7KHWHPSHUDWXUHLQWKHGHIRUPDWLRQ]RQHFDQEHDSSUR[LPDWHGE\HTXDWLRQ 
DVVXPLQJDQDGLDEDWLFWHPSHUDWXUHLQFUHDVHZLWKWKHKHDWUHVXOWLQJIURPSODVWLF
GHIRUPDWLRQDQGIULFWLRQZRUN
:LWK ௢ܶ HTXDOWRWKHLQLWLDOWHPSHUDWXUHRIWKHGLVFZKLFKFRUUHVSRQGVWRWKH
DWPRVSKHULFWHPSHUDWXUHLH
7KHHTZRXOGEHULJKWRQO\LQWKHFDVHWKDWWKHH[WUXVLRQFXWWLQJVWDUWHGDQG
HQGHGLQDVLQJOHUHYROXWLRQRIWKHZRUNSLHFHDVWKH ௢ܶ UHPDLQVFRQVWDQWDW
%XWWKLVGRHVQRWKDSSHQEHFDXVHDGH[DPSOHZKHQWKHGLVFLVQHZDQGLWLV
PPLQGLDPHWHULIZHPDNHDQH[WUXVLRQRIVHFRQGVORQJZLWKDFXWWLQJ
VSHHGRIPPLQWKHGLVFZLOOWDNHWXUQV:KLOHIRUDXVHGGLVFZLWKD
GLDPHWHURIHJPPLWZLOOSHUIRUPUHYROXWLRQV
6RHYHQDIWHUWKHILUVWODSWKHWHPSHUDWXUHRIWKHVXUIDFHRIWKHGLVNZLOOEHQRW
EXWLWZLOOEHDOLWWOHPRUHFRQVLGHULQJWKDWLQWKHSUHYLRXVVWHSLWZDVJLYHQ
KHDWWRWKHSDVVDJHRIWKHWRROHTXDOWR HTPLQXVWKHKHDWWKDWWKHGLVFKDV
ORVWWRWKHORVVHVGXULQJWKHWLPHRIDWXUQ
7KHWHPSHUDWXUHJUDGLHQWLVWRZDUGVWKHLQVLGHRIWKHGLVNWKDWLVWRZDUGVWKH
PDWHULDOWKDWKDVQRWXQGHUJRQHDWHPSHUDWXUHLQFUHDVH
7KHWKHUPDOIORZDOZD\VPRYHVIURPWKHKRWVRXUFHWRWKHFROGVRXUFHGXHWRWKH
VHFRQGSULQFLSOHRIWKHUPRG\QDPLF
,UUDGLDWLRQORVVHVDWWKHVHWHPSHUDWXUHOHYHOVDUHDOPRVWQLO
7KLVUHDVRQLQJZRXOGKDYHKDGDOPRVWQRVHQVHWRH[LVWLIWKHFRROLQJOLTXLGKDG
EHHQXVHGZKLFKZRXOGKDYHDEVRUEHGDOPRVWDOOWKHKHDWJHQHUDWHGEXWIRU
UHDVRQVRIUHSURGXFLELOLW\DQGVLPSOLILFDWLRQLWZDVQRWXVHG
7KHVWDUWLQJIRUPXODZDV HTWKHXSJUDGHRIIRUPXODLV
௜ܶ ௜ܶିଵǻ7ȟ ୪ܶ୭ୱୱୣୱ 
ϵϴ
(TFDQEHFRQVLGHUHGDVDFRQVWDQW
ȟ ௟ܶ௢௦௦௘௦ LV WKHGLIIHUHQFHLQWHPSHUDWXUHJHQHUDWHGE\WKHORVVHVWKDWFDQEH
FRQYHFWLRQFRQGXFWLRQDQGUDGLDWLRQW\SH
)RUWKHDERYHIRUPXODVLWFDQEHDVVXPHGWKDWȟ ௟ܶ௢௦௦௘௦ LWLVIRUPHGRQO\E\WKH
FRQGXFWLYHFRQWULEXWLRQEHLQJRUGHUVRIPDJQLWXGHKLJKHUWKDQWKHRWKHUWZR
ȟ ௟ܶ௢௦௦௘௦ LWGHSHQGVRQWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQWKHKRWGLVNVXUIDFHDQG
WKHFROGHVWPDWHULDORIGLVN:HFDQVD\DOVRWKDWȟ ௟ܶ௢௦௦௘௦ LWLVDIXQFWLRQRIWKH
FRQGXFWLYHFRHIILFLHQW³E´W\SLFDOIRUHDFKPDWHULDO
6R LWFDQEHVHHQWKHHTXDWLRQDVDIXQFWLRQRIWLPHDQGZULWHDILUVWGHJUHH
GLIIHUHQWLDO
ௗ்
ௗ௧
 ǻ7± ȟ7 
ZLWKȟ!SURSRUWLRQDOLW\IDFWRUWKDWGHSHQGVRQWKHPDWHULDO
݁ஞ௧ ௗ்
ௗ௧
Į7݁ஞ௧  ǻ7݁ஞ௧ 
7KDWEHFRPHV
ሺܶ௧ሻ ݁ିஞ௧ ׬ ȟ ݁ஞ௧ ݀ݐ 
ሺܶ௧ሻ  
୼୘
஑
Fȟ ݁ିஞ௧ 
1RZLWLVSRVVLEOHWRILQGFSXWWLQJWKHWLPHWHTXDOWR]HURVRWKH7ZLOOEHWKH
URRPZRUNSLHFHWHPSHUDWXUH
௔ܶ௠௕ 
୼୘
ஞ
Fȟ 
F ்ೌ೘್
୼୘
 ଵ
ஞ

ϵϵ
QRZWKHILQDOIRUPXOD
ሺܶ௧ሻ 
୼୘
ஞ
 ௔ܶ௠௕ 
୼୘
ஞ
݁ିஞ௧ 
&ŝŐƵƌĞϳϬ͗dƌĞŶĚŐƌĂƉŚĞƋƵĂƚŝŽŶ;ϵ͘ϴͿ
)URPWKHJUDSK )LJ LWFDQEHVHHQWKDWDWWLPH]HURLHDWWKHILUVWURWDWLRQWKH
VXUIDFHWHPSHUDWXUHRIWKHZRUNSLHFHLVWKH ௔ܶ௠௕WKHQWKHUHLVDJURZLQJ
H[SRQHQWLDOWKDWUHDFKHVWKHKRUL]RQWDODV\PSWRWH୼୘
ஞ

7KLVPHDQVWKDWLQWKHVDPHFRQGLWLRQVWKHKRUL]RQWDODV\PSWRWHZLOOEHDVKLJK
DVWKHSURSRUWLRQDOFRHIILFLHQWĮZLOOEHORZDQGLWGHSHQGVRQWKHPDWHULDO,W
PHDQVWKDWWKHPRUHFRQGXFWLYHPDWHULDOLVWKHIDVWHULWZLOOGLVVLSDWHKHDWDQGWKH
KRUL]RQWDODV\PSWRWHZKLFKUHSUHVHQWVWKHWHPSHUDWXUHUHDFKHGE\WKHVXUIDFHRI
WKHZRUNSLHFHZLOOEHORZDQGYLFHYHUVD
,IWKHPDWHULDOZDVYHU\OLWWOHFRQGXFWLYH୼୘
ஞ
LWFRXOGHYHQEHKLJKHUWKDQ ௠ܶ௘௟௧௜௡௚
DQGWKHPDWHULDORQWKHVXUIDFHZRXOGPHOW
$ORJLFDOTXHVWLRQDULVHV
+RZVRRQZLOO,WUHDFKWKHKRUL]RQWDODV\PSWRWH"
2UZKHUHZLOOEHILQGLQWKHH[SRQHQWLDOFXUYHLQWKHVHFRQGVRIH[WUXVLRQ"
ϭϬϬ
,WLVGLIILFXOWWRDQVZHUWKHVHTXHVWLRQVEHFDXVHĮVKRXOGEHREWDLQHG
H[SHULPHQWDOO\E\SODFLQJWKHUPRFRXSOHVRQWKHHTXLGLVWDQWGLVNUDGLXVDQGRQWKH
RXWHUFLUFXPIHUHQFHDUHVLVWDQFHDQGPHDVXULQJWKHVSHHGRIWKHKHDWIORZ
ϴ͘ϰ dŚĞƌŵĂůƐŝŵƵůĂƚŝŽŶ
7KLVZRUNZDVGRQH LQ$16<6DILQLWHHOHPHQWVLPXODWLRQSURJUDPZLWKZKLFKD
WKHUPDODQDO\VLVFDQEHGRQH
$GLVNKDVEHHQGHVLJQHGZLWKWKHIHDWXUHVRIWKHZRUNSLHFH
 PPPPLWZRXOGEHWKHQHZGLVN
W PP
7KHFKDUDFWHULVWLFVRIWKHPDWHULDOZHUHDGGHGVXFKDV GHQVLW\VSHFLILFKHDWDQG
KHDWWUDQVIHUFRHIILFLHQW
$UDQGRPQRGHZDVWDNHQRQWKHRXWHUFLUFXPIHUHQFH DQGWKHWKHUPDOVRXUFH
FRUUHVSRQGVWRLWZKLFKZLOOEHDSRLQWVRXUFH
7KHQWKHLQLWLDOWHPSHUDWXUH RIWKHGLVNZDVLQVHUWHGRIDQGZDVWKHUPDOO\
FRQVWUDLQHGZLWKLWRQWKHRSSRVLWHVXUIDFHRIWKHKHDWVRXUFHDQGWKHVLPXODWLRQ
ZDVVWDUWHGIURP]HURWRVHFRQGV
7RXQGHUVWDQGLIWKHIRUPXODWLRQVREWDLQHGDERYHKDYHDSK\VLFDOYDOLGLW\DQGQRW
RQO\WKHRUHWLFDOLWPXVWEHLQYHVWLJDWHGWKHWKHUPDOJUDGLHQWJHQHUDWHGLQVLGHWKH
GLVNWRXQGHUVWDQGLIWKHWHPSHUDWXUHUHPDLQVRQO\RQWKHVXUIDFHEHFDXVHRIWKH
YHU\KLJKVSHHGRISDVVDJHRIWKHKHDWVRXUFHRULWZLOOEHHQWHULQJWKHGLVN
7KHQLWZDVFDOFXODWHGWKHWLPHLWWDNHVWKHGLVNWRSDVV DWWKHHTXLSPHQWRIWKH
H[WUXVLRQFXWWLQJRIDPPGLVFZLWKDFXWWLQJVSHHGRIPPLQ
([WHUQDOGLVNFLUFXPIHUHQFH P
&XWWLQJVSHHG PPLQ PV
ϭϬϭ
7LPHRISDVVDJHRQPPRIGLVN ଴Ǥ଴଴ଶ
ଵǤ଺଺
 V
7KHWHPSHUDWXUHJUDGLHQWDIWHUVRQDSXUHFRSSHUGLVNZLWKDSRLQWKHDW
VRXUFHRI)LJ
&ŝŐƵƌĞϳϭ͗dŚĞƌŵĂůƐŝŵůĂƚŝŽŶĂŶĂůǇƐŝƐĂĨƚĞƌŽŶĞƌŽƵŶĚ͘
ϴ͘ϱ dĞŵƉĞƌĂƚƵƌĞĐŽŶĐůƵƐŝŽŶ
7KHVLPXODWLRQVKRZVDWZKLFKGHSWKDQGDWZKLFKVSHHGWKHKHDWJUDGLHQWHQWHUV
LQWKHZRUNSLHFHKDYLQJWKHVDPHWKHUPDOFKDUDFWHULVWLFVRIWKHZRUNSLHFHXVHGLQ
WKHH[SHULPHQWV
7KHKHDWVRXUFHRIDWDVSHHGRIPPLQUHPDLQVRQDVLQJOHSRLQWPP
DERXWVHFRQGVDWLPHQHFHVVDU\WRSHUPLWWKHILUVWPLOOLPHWUHVRIWKH
VXUIDFHWRDFKLHYHWKHWHPSHUDWXUHDURXQG 7KLVLVGXHWRWKH
FKDUDFWHULVWLFVRIWKHPDWHULDOEHFDXVHFRSSHULVDQH[FHOOHQWKHDWFRQGXFWRU
ϭϬϮ
2EYLRXVO\WKHPRUHWKHGLVNZLOOKDYHDODUJHUGLDPHWHUWKHPRUHWLPHLWZLOOSDVV
XQWLOWKHQHZKHDWVRXUFHSDVVHVDQGWKHUHIRUHWKHGLVFZLOOKDYHPRUHWLPHWR
GLVSHUVHDQGVSUHDGWKHKHDW,WWDNHVH[DFWO\VHFRQGVFRQVLGHULQJDPP
GLVNZKLOHIRUDGLVNWKDWLV³FRQVXPHG´LWPHDQVDVPDOOGLDPHWHUWKHKHDW
VRXUFHZLOOSDVV DIWHUVKRUWHUWLPHOHDYLQJPRUHKHDWRQWKHVXUIDFH
,QFRQFOXVLRQLWFDQEHGHGXFHGWKDWWKHVWDUWLQJIRUPXODZRXOGKDYHKDGQRVHQVH
RIYDOLGLW\ZLWKDODUJHGLDPHWHUGLVNDQGHYHQOHVVVHQVHZLWKDVPDOOGLDPHWHU
GLVNVLQFHWKHWHPSHUDWXUHUHPDLQVRQWKHVXUIDFHKDYLQJQRWLPHWRVSUHDG
7KHUHDGHULVUHPLQGHGWKDWWKHUHDVRQLQJLVRQPPIURPWKHVXUIDFHDVLWLV
WKHYDOXHRIWKHIHHG
+RZHYHULWUHPDLQVDQXQNQRZQIDFWRUWRHYDOXDWHKRZPXFKWKHSURSRUWLRQDO
SDUDPHWHUEFRUUHVSRQGVWRHDFKPDWHULDOUHIHUULQJWKHTXHVWLRQWRDIXWXUH
ZRUN
ϭϬϯ
&KDSWHU
&RQFOXVLRQ
7KHJRDORIWKHSURMHFWZDVWRFRQGXFWDQLQYHVWLJDWLRQRQH[WUXVLRQFXWWLQJDVD
PHWKRGWRGHWHUPLQHWKHIORZVWUHVVRIPHWDOVXQGHUWKHVHYHUHFRQGLWLRQV
H[SHULHQFHGGXULQJPHWDOFXWWLQJ7KHIRFXVRIWKHSURMHFWZDVWRVHHLIWKH
REWDLQHGUHVXOWVDOLJQHGZLWKWKHDQDO\WLFDOPRGHODVWKLVZRXOGSURYHZKHWKHURU
QRWWKHPRGHOLVDYLDEOHPHWKRGIRUGHWHUPLQLQJIORZVWUHVVXQGHUVHYHUH
FRQGLWLRQV
7KHUHVXOWVREWDLQHG RQEUDVVZRUNSLHFHZLWKWKHQHZHTXLSPHQW ILWWHGZHOOWKH
WKHRUL]HGFXUYHWKHVWDELOLW\RIWKHSURFHVVZDVYHU\JRRGWKHFKLSREWDLQHG ZDV
YHU\VWUDLJKWDQGVKLQHGRZQ WRODPEGD
7KXVLWLVSRVVLEOH WRFRQFOXGH WKDWWKHH[WUXVLRQFXWWLQJSURFHVV DVPHWKRGWR
REWDLQWKHPDWHULDOIORZVWUHVV RQEUDVVLVDUREXVWSURFHVV,QIDFWDKXJHDPRXQW
RIGDWDLQGLIIHUHQWSHULRGVDQGIURPGLIIHUHQWSHRSOHLH'H&KLIIUH>@6HJDOLQD
>@DQG/DQGHUJKLQLLQWKLVZRUNZHUHFROOHFWHGREVHUYLQJDFRQFRUGDQFHRIWKH
REWDLQHG UHVXOWV7KHUHIRUHWKHSURFHVVFDQEHFRQVLGHUHGUHSHDWDEOHDQG
UHSURGXFLEOH
2QWKHRWKHUKDQGWKHH[WUXVLRQFXWWLQJSURFHVVDSSOLHGRQFRSSHUIDLOHG,QGHHG
WKHZRUNSLHFHNHHSVKDYLQJWKHZLGHQLQJSUREOHPFUHDWLQJGLIILFXOWLHV LQWKHGDWD
DQDO\VLVDQGLQWKHGDWDSURFHVVLQJ,QIDFWWKHREWDLQHGSRLQWRIPLQLPXP LV
DOZD\VIDUIURPODPEGDHYHQZKHQ FXVWRPL]HGFXWWLQJSDUDPHWHUV DUH
DSSOLHG ,WLVFRQFOXGHG WKDWWKHZD\WRFKDQJHWKHYDOXHRIUDNHDQJOHDQGWKH
FXWWLQJVSHHGLVQRWWKHFRUUHFWVROXWLRQ WRDFKLHYHDSURFHVVVWDELOLW\
,QWKHHQGWKHH[WUXVLRQFXWWLQJSURFHVVKDVEHHQLQYHVWLJDWHGDOVRZLWK
DOXPLQLXPZRUNSLHFHVEXWWKLVPDWHULDOVHHPVWRQRWEHH[WUXGDEOHXQGHUWKH
QRZDGD\VFRQGLWLRQV
0RUHRYHU LWKDV EHHQWULHGWRLPSURYHWKHPDWKHPDWLFDOPRGHOVWXG\LQJWKHVOLS
OLQHILHOG)XUWKHUPRUHDWKHRUHWLFDOXSJUDGHRIWKHIRUPXODWKDWGHWHUPLQHVWKH
WHPSHUDWXUH FRQVLGHULQJPRUHYDULDEOHV KDVEHHQGHYHORSHG$QDO\VLQJWKH
WHPSHUDWXUHLVVLJQLILFDQW WRGHILQHWKHSURFHVVRIVWDELOLW\EHFDXVHWKHWKHUPDO
VRIWHQLQJ KDVDUHOHYDQWLQIOXHQFH RQWKHSURFHVVVLQFHLWLVQRWSRVVLEOHWRXVHWKH
ϭϬϰ
UHIULJHUDQW7KLVDQDO\VLV LVDOVRRIIXQGDPHQWDOLPSRUWDQFHWREHDEOHWRGHULYHD
FRQVWLWXWLYHHTXDWLRQRIWKHPDWHULDO
ϭϬϱ
%LEOLRJUDSK\
΀ϭ΁͞ydZh^/KEͲhdd/E'͟>͘ĞŚŝĨĨƌĞϭϱ:ĂŶƵĂƌǇϭϵϳϲ
΀Ϯ΁͞ydZh^/KEhdd/E'K&Z^^^dZ/W^Ϯ>͘ĞŚŝĨĨƌĞϭEŽǀĞŵďĞƌϭϵϴϮ
΀ϯ΁͞DŽĚĞůŝŶŐŽĨĐŚŝƉĨŽƌŵĂƚŝŽŶ͕͟&͘^ĞŐĂůŝŶĂ͕DĂƐƚĞƌdŚĞƐŝƐϮϬϭϲ
΀ϰ΁͞/ŶǀĞƐƚŝŐĂƚŝŽŶŽŶƚŚĞƵƐĞŽĨĞǆƚƌƵƐŝŽŶĐƵƚƚŝŶŐĨŽƌŵĂƚĞƌŝĂůƚĞƐƚŝŶŐ͕͟W͘ƐƚƌƵƉ͕DĂƐƚĞƌ
dŚĞƐŝƐϮϬϭϵ
΀ϱ΁͞DĂƚĞƌŝĂůƚĞƐƚŝŶŐŽĨĐŽƉƉĞƌďǇĞǆƚƌƵƐŝŽŶͲĐƵƚƚŝŶŐ͕͟&͘^ĞŐĂůŝŶĂ͕>͘ĞŚŝĨĨƌĞ
΀ϲ΁͞/>>DhEzd,KZz͕&&d/sZ<E'>hdd/E'dKK>^/EKWWZ>>Kz^͟
ZĞǀ͘ĐŚŝů͘ϮϬϬϳ͕ǀŽů͘ϭϱ͕Ŷ͘Ϯ͕ƉƉ͘ϭϵϵͲϮϬϯ͘
΀ϳ΁͞'ƵŝĚĞƚŽtŽƌŬŝŶŐtŝƚŚŽƉƉĞƌĂŶĚŽƉƉĞƌůůŽǇƐ͟ĂŶƚŝŵŝĐƌŽďŝĂůĐŽƉƉĞƌ͘ŽƌŐĂĐĞƐƐĞƐŽŶ
ϬϱDĂƌĐŚϮϬϭϵ͘
΀ϴ΁:͘͘ŵďƵƌǇ͕Z͘D͘&ŝƐŚĞƌ͕ĐƚĂDĞƚĂůů͘ϭϰ;ϭϵϲϲͿϭϰϳʹϭϱϵ
΀ϵ΁'͘>ĂŶŐĨŽƌĚ͕D͘ŽŚĞŶ͕dƌĂŶƐ͘^DϲϮ;ϭϵϲϵͿϲϮϯʹϲϯϴ΁
΀ϭϬ΁ƵƚͲ&ŽƌŵŝŶŐ͗EĞǁDĞƚŚŽĚŽĨWƌŽĚƵĐŝŶŐtŝƌĞ͘,ŽƐŚŝ͕d͘ĂŶĚ^ŚĂǁ͕D͘;ϭϵϳϳͿ͘:ŽƵƌŶĂů
ŽĨŶŐŝŶĞĞƌŝŶŐĨŽƌ/ŶĚƵƐƚƌǇ͕ϵϵ;ϭͿ͕ƉƉ͘ϮϮϱͲϮϮϴ
΀ϭϭ΁͞ŶĂůǇƐŝƐŽĨ>ĂƌŐĞͲ^ƚƌĂŝŶǆƚƌƵƐŝŽŶDĂĐŚŝŶŝŶŐǁŝƚŚŝĨĨĞƌĞŶƚŚŝƉŽŵƉƌĞƐƐŝŽŶZĂƚŝŽƐ͞
tĞŶ:ƵŶĞŶŐ͕WŝŶŐ>ŝŶ͕ŝŚƵŶyŝĞ͕ĂŶĚYŝŶŐ>ŝ
΀ϭϮ΁>ĂƌŐĞƐƚƌĂŝŶĚĞĨŽƌŵĂƚŝŽŶĂŶĚƵůƚƌĂͲĨŝŶĞŐƌĂŝŶĞĚŵĂƚĞƌŝĂůƐďǇŵĂĐŚŝŶŝŶŐ^ƌŝŶŝǀĂƐĂŶ
^ǁĂŵŝŶĂƚŚĂŶĂ͕D͘ZĂǀŝ^ŚĂŶŬĂƌĂ͕^ĞŽŶŐǇů>ĞĞĂ͕:ŝŚŽŶŐ,ǁĂŶŐĂ͕ůĞǆĂŶĚĞƌ,͘<ŝŶŐď͕כ͕
ZĞŶĂĞ&͘<ĞǌĂƌĂ͕ĂůŬƌŝƐŚŶĂ͘ZĂŽĂ͕dƌĂǀŝƐ>͘ƌŽǁŶĂ͕^ƌŝŶŝǀĂƐĂŶŚĂŶĚƌĂƐĞŬĂƌĂ͕t͘ĂůĞ
ŽŵƉƚŽŶĂ͕<ĞǀŝŶW͘dƌƵŵďůĞď
΀ϭϯ΁dŚĞDĂƚŚĞŵĂƚŝĐĂůdŚĞŽƌǇKĨWůĂƐƚŝĐŝƚǇ;KǆĨŽƌĚůĂƐƐŝĐdĞǆƚƐ/ŶdŚĞWŚǇƐŝĐĂů
^ĐŝĞŶĐĞƐͿ ďǇZ͘,ŝůůϭϵϱϬ
΀ϭϰ΁Dd>hdd/E'WZ/E/W>^^ĞĐŽŶĚĚŝƚŝŽŶďǇDŝůƚŽŶ͘^ŚĂǁKy&KZhE/sZ^/dz
WZ^^ϮϬϬϱ
΀ϭϱ΁͞DĞĐŚĂŶŝƐŵŽĨĐŽŶƚŝŶƵŽƵƐĞƋƵĂůͲĐŚĂŶŶĞůĂŶŐƵůĂƌĞǆƚƌƵƐŝŽŶ͟s͘D͘^ĞŐĂůϭϰũƵůǇϮϬϬϵ
΀ϭϲ΁ĚŝĂďĂƚŝĐWůĂƐƚŝĐĞĨŽƌŵĂƚŝŽŶďǇ,ĂƌƌǇ͘ZŽŐĞƌƐϭϵϳϵ
΀ϭϳ΁^ƚĞůůǇĂŶĚŽƌŵĞǀĂů^ŚŽĐŬtĂǀĞƐĂŶĚ,ŝŐŚͲ^ƚƌĂŝŶͲZĂƚĞWŚĞŶŽŵĞŶĂϭϵϴϲ
΀ϭϴ΁:͘D͘ZŽĚƌşŐƵĞǌ͕͞ŽŶƚŝŶƵŽƵƐĐŚŝƉĨŽƌŵĂƚŝŽŶŝŶŵĞƚĂůĐƵƚƚŝŶŐƉƌŽĐĞƐƐĞƐƵƐŝŶŐƚŚĞWĂƌƚŝĐůĞ
&ŝŶŝƚĞůĞŵĞŶƚDĞƚŚŽĚ͟
΀ϭϵ΁ ŚƚƚƉƐ͗ͬͬǁǁǁ͘ǇŽƵƚƵďĞ͘ĐŽŵͬǁĂƚĐŚ͍ǀсǇŚƉt&zĂŐEǀĐ
ϭϬϲ
